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ABSTRACT
Porterfield, J. Variables in the Introduction of the Species, Streptocephalus sealii, Spinytail Fairy
Shrimp into a Local Seasonal Wetland (2015)

The research question addressed in this capstone is what factors play a role in the introduction
of a wingless aquatic invertebrate to a recently restored mitigation wetland. The motivation for
this capstone was the discovery of a fairy shrimp, Streptocephalus sealii in a Rosemount,
Minnesota wetland in 2012. This organism was previously recorded from two other sites in
Minnesota at least 35 miles from this location. Its appearance in a mitigation wetland
generated questions as to whether restoration materials brought in the species or the
mitigation created the environment in which the organism could thrive. This study investigates
both of these ideas as well as a documentation of the mitigation wetlands history.
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CHAPTER ONE
Introduction
Fairy shrimp are an aquatic invertebrate, a crustacean, found in temporary wetlands
often called vernal pools. The subject of this capstone is how this small flightless
aquatic invertebrate came to reside in a mitigation wetland in Rosemount, Minnesota
when it had only been documented in two other locations in Minnesota at the time of
this writing. This chapter will address the reasons why the study of this fairy shrimp is
relevant and important to a variety of topics, as well as address what the author may
learn in this study. It will include any limitations to the study as well as personal reasons
for completing it.
Personal statement
The variety of life found below the surface of a wetland is amazing. The enthusiasm
of students finding the smallest invertebrates is contagious. My journey into wetlands
and water resources began some thirty years ago, while presenting pond studies at a
local nature center. I was unaware of the biodiversity in aquatic ecosystems, prior to
being thrust onto a dock in a wetland with a rowdy bunch of 2 nd graders; we all learned
a great deal. Upon closer examination of Cool Whip containers of pond water amazing
acrobatic creatures were found, and later identified in the nature center’s pond
identification guide of aquatic invertebrates. Identifying a phantom midge, the most
beautiful transparent worm like larva, was unforgettable. The wonder of observing
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aquatic invertebrates is the driver of this work and wetland research for the past three
decades, both personally and professionally.
As a biology teacher I have used the importance and relevance of wetlands and water
quality as a spring board for discovery in the classroom. Ideas that are not common
knowledge to students range from the fact that only three percent of the Earth’s water
is fresh water to the increasing lack of fresh water available globally. Draining of the
Ogallala aquifer for agriculture and other human uses is not on teenagers’ radar and
most don’t know of the relationship of wetlands to the overall health of watersheds.
Every school child could learn the importance and the value of water resources and how
to protect them for future generations. And for that purpose, looking at the business
end of an aquatic dip net might begin the journey to knowledge needed to begin valuing
water resources. Life, including the human life, depends on those water resources.
Due to interest and concern for water resources, I became involved in a citizen
science program, Wetland Health Evaluation Program (WHEP) in Dakota County,
Minnesota in 1998. WHEP is an organization, with guidance from the Minnesota
Pollution Control Agency (MPCA), that surveys three to four wetlands each summer, in
every city involved with the program in Dakota and Hennepin counties. The survey
measures the health of shallow wetlands by cataloging aquatic plants and invertebrates
found within a sector of the wetland using biological metrics. The protocols and metrics
used were created by MPCA scientists (Helgen 2002; Bourdaghs and Gernes 2005).
Having been trained by those scientists has in turn allowed for the use of these metrics
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and resources with many other citizen scientists and biology students. It is easy to be
engaged and excited about wetland ecology when hearing students’ comments, such as,
“Is that really a leech? Will it really stick to me?” or “Wow, that is cool!” when someone
comments about a dragonfly nymph. The excitement of discovery is the reason that I
have spent so much time observing aquatic environments.
The Topic
Fairy Shrimp
An observation made during a WHEP data gathering session in June of 2012 is the
basis for this capstone. I have been involved for the last seventeen years on two WHEP
teams in the cities of Inver Grove Heights and Rosemount, Minnesota. The Rosemount
WHEP team was completing data collection on invertebrates in June of 2012 when Ben
Determan, a college student on the team, discovered a large species of fairy shrimp in a
mitigation wetland. This was a new species for the whole team. At first glance, the
shrimp looked like small fish schooling in the wetland. Upon closer examination, they
could be identified as large fairy shrimp. The same species was found the following two
summers, in 2013 and 2014 in that wetland. The species was identified as
Streptocephalus sealii by Ron Lawrenz, director of the Lee and Rose Warner Nature
Center (Lawrenz interview). S. sealii is not found in Wisconsin and has been
documented in only two other locations in Minnesota, one in Hennepin County and one
in Washington County (Dexter 1953 and Ron Lawrenz personal observation). The WHEP
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team observation is the first documentation of the species in Dakota County,
Minnesota.
Mitigation Site
The site where the species was found is a mitigation wetland in close proximity to a
larger wetland (R22) in Meadows Park, Rosemount, Minnesota (Figure 1: Map of
Mitigation Site R23). The wetland is referred to as, CR38 R23. R23 is the twenty-third
site that the Rosemount WHEP team has studied; CR38, refers to a wetland number
used by the city and state. The area surrounding the wetland, a little larger than twenty
six acres is made up of rolling hills, a community park with play grounds, tennis courts,
baseball fields and area of native vegetation. The project site is a wetland that was
created to mitigate for the loss of a portion of the larger wetland (R22) when a county
road was rerouted. The area surrounding the wetlands had been planted with native
prairie species and is in close proximity to a group of wetlands slightly to the west and
on the north side of Bonaire Path. One of those wetlands is also a mitigation site. Fairy
shrimp had not been found in the wetlands on the north side of the road or the larger
wetland, R22, near CR 38 R23 (Table 1: WHEP Data from Wetlands Near R23).
With the persistence of the fairy shrimp species, the question remains, how did it get
there? Did materials (e.g. plants, soil) used in the restoration of the site have anything
to do with transferring the species, Streptocephalus sealii? The closest known location
being 35 miles away was S. sealii simple relocated by a vector?
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Figure 1.1 Map of mitigation site R23 (WSB Engineering, 2010)
Table 1.1 WHEP data from wetlands near R23
Site Number

Year
Invertebrate IBI
Vegetation
Presence (+) of
Monitored
Score
IBI Score
Fairy shrimp
R23 (Mit. Site 2)
2011
18
21
R23
2012
14
21
+
R23
2013
22
25
+
R23
2014
18
23
+
R14
2008
22
25
R14
2009
22
25
R14 (WMP #379)
2013
20
23
R22
2009
20
19
R22
2011
24
19
R21
2009
24
17
R21 (Mit. Site 1)
2011
22
23
R21
2012
26
19
R 21
2013
20
23
R21
2014
22
23
R 25
2011
12
23
Note: Invertebrate IBI scores indicating wetland health: 6 – 14 poor, 15 – 22 moderate, 23 – 30
excellent. Vegetation IBI Scores indicating wetland health: 7 – 15 poor, 16 – 25 moderate,
excellent 26 – 35. See map in Appendix A1 Map of Rosemount WHEP Wetland Locations.

6

Were the cysts/eggs in the soil already at the site and developed when the conditions
became favorable? There are a variety of possible explanations. These hypotheses will
be examined to address the research question: Is the introduction of S. sealii in this
Rosemount wetland a result of the materials used in the restoration efforts, a result of
the creation of favorable conditions for the species or another undetermined factor?
Compelling reasons to pursue the topic
Temporary wetlands are an important ecological niche for many organisms. They are
highly productive creating a large amount of biomass. Some species are obligate to
temporary water and need an environment free of predatory fish to survive and
reproduce, like the fairy shrimp or the wood frog. According to Hunter (2008), the pools
serve as sources to export invertebrate and amphibian biomass to other ecosystems, as
well as serving as stepping stones in the dispersal of other wetland species. Vernal
pools are unique treasures that are often unknown or overlooked. Hunter, (2008)
describes their role as a keystone ecosystem. Vernal pools are referred to as sentinels
of climate change by others, referring to their sensitivity to climate and hydrologic
changes (Boone and Pauli, 2008). As an ecosystem the pools are important to the
biodiversity of the Earth.
The site in Rosemount may indeed be a vernal pool or serving as one since its
creation. The introduction of the fairy shrimp into this wetland may provide some
insight into the movement of wingless invertebrate species from one site to another.
This study may provide insight into the adaptability of the fairy shrimp to remain viable
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as cysts in egg banks until the conditions become favorable (Ripley, B.J., Holtz, J., &
Simovi, M.A., 2004). It may provide insight into the importance of shallow wetlands for
the dispersal of species. This study may provide insight into the effects of restoration
activities associated with wetland mitigation on the movement of species in plant
materials or in soils. It may reiterate the importance of maintaining or in this case
mitigating all types of wetlands. Mitigation sites typically are required to create
wetlands with permanent water regimes to replace those that have been degraded or
destroyed (Chesnut interview, 2015).
Expectations for what might be learned
This capstone will explore the research already obtained on S. sealii and its
distribution in the United States, as well as its natural history. This study should provide
a more complete history of this mitigation site, with the potential to determine if
mitigation may have created the habitat that allowed the presence of a new species to
survive in the area. It will provide the author a more complete understanding of the
laws and monitoring of mitigated wetland sites. It will investigate the documentation of
and monitoring of this mitigation site, as well as monitoring of other sites close to R23
to determine if a possible transfer of the species occurred. It will consider how
mitigation can create favorable conditions for this species. It will examine historical
data using the ArcGIS mapping program to determine prior conditions and land use of
this mitigation site. It will examine the soil types in the area to determine if hydric soils
may have existed in the past with a potential egg/cyst bank. The study will provide the
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author with new ways to consider the history and hydrology of an area by studying
historical records in the form of aerial maps, soil samples and a soil survey.
Important Terminology
Before this study is developed any further there are some important terms that may
need clarification.
ArcGIS – is a GIS mapping program that can give the user historical aerial photography
Diapausing cysts – eggs that are resistant to extreme conditions including dehydration
that allow organisms to hatch when conditions are favorable
Endemism - is the state of being unique (found only) to a defined geographical location
Introduced species - are species that are living outside of their native range and may or
may not pose a threat to native species
Mitigation bank –
A mitigation bank is a wetland, stream, or other aquatic resource area that has
been restored, established, enhanced, or (in certain circumstances) preserved
for the purpose of providing compensation for unavoidable impacts to aquatic
resources permitted under Section 404 or a similar state or local wetland
regulation. (“Mitigation Banking Fact Sheet”, 2014, p. 1)
No net loss of wetlands –recommended at a National Wetlands Policy Forum in 1987,
announced as an administrative policy at an EPA press conference in 1989 and put into
legislation in 1989 by then president, George H.W. Bush; it created rules that required
the creation of additional wetlands to mitigate for the impact of those lost, partially lost
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or degraded by human activities. It was expanded upon by President Bill Clinton and set
goals of attaining a net increase of 100,000 acres per year by 2005 (Sibbing, n.d.).
Obligate species – is a species that will not survive without the environment within
which it is found
Quiescent cysts – diapausing eggs that have been activated by enzymatic activity as
conditions become favorable
Vernal Pools –
Vernal pools are temporary to semi-permanent pools occurring in shallow
depressions that typically fill during the spring or fall and may dry during the
summer or in drought years. Vernal pools occur in a diversity of landscape
settings including isolated upland depressions, depressions in flood plains, as
part of headwater streams and seepage systems or embedded in larger wetland
complexes (Calhoun and deMaynadier 2008, p. xvii).
Limitations and assumptions. Limitations will include the:
- degree of access to the ArcGIS mapping system
- length and detail of the record of historical aerial photographs
- ability to take soil samples
- weather and its impact on this study
- ability to access mitigation records
One assumption is that the soil type from a similar elevation in a nearby location is
similar to the soils historically found on the mitigation site. If there is no evidence of
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hydric soils, then the assumption is that hydric soils have not been present in the last
fifty to one hundred years. Another assumption if that if hydric soils are not present
there will not be fairy shrimp cysts in the soil originally found on the site. Another
assumption is that the weather records for high water levels in aerial photographs are
able to be determined and are accurate.
Summary
Chapter two will investigate the research regarding topics outlined in the
introduction. It will document information obtained from research in these areas. The
third chapter will outline the methods to be used to obtain and analyze the data that is
found. In the fourth chapter, data in the form of historical maps, recent maps, pictures
and field observations will be presented. In the fifth chapter conclusions will be drawn
regarding the research question; can the introduction of S. sealii in the Rosemount
wetland be determined?
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CHAPTER TWO
Literature Review
Introduction
Chapter two synthesizes research on the natural history of fairy shrimp including
identification of the species in this study, distribution, adaptations to survival in drying
conditions, mechanisms of dispersal and egg morphology. Further, because fairy shrimp
reside in wetlands and ponds with temporary water regimes an introduction to vernal
pools is included. Finally this chapter provides an overview of wetland regulations in
Minnesota, and briefly describes the processes involved in mitigation, and information is
presented on soils, because soil is an important component in the life cycle of fairy
shrimp and the delineation of wetlands.
Fairy Shrimp Natural History
Fairy shrimp belong to a group of fresh water aquatic crustaceans called anostracans
found in wetlands with temporary hydrology throughout the globe from deserts to high
mountains to the subarctic (Colburn, 2004). There are about 300 species on seven
continents. In North America, there are seven families containing 64 species of fairy
shrimp (Faccio, 2012). Fairy shrimp do not coexist with fish and other large predator
populations, therefore are obligate to and considered indicators of sites with temporary
water regimes (Colburn, 2004; DeBaise & Taylor, 2003). Indicator species are those
organisms whose presence, absence or abundance is due to a specific set of
environmental conditions that exist, in this case the changing hydrology or the drying of
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the area (http://maps2.eol.org/info/465). Fairy shrimp seem almost magical because
they appear in early spring in northern climates as snow melts and are present for a
short period of time, typically one to three months, and then appear again the following
spring (Morgan, 1930). They are an amazing creature which looks a bit prehistoric.
Fossil anostracans have been around since the early Cambrian and have not changed
significantly. The most noticeable difference may be the existence of many more
naupliar stages (larva) prior to becoming sexually mature (see Appendix B for pictures of
postembryonic development in Rehbachiella kinnenullensis). According to Walossek
(1993), this may be due to favorable environments with abundant food supplies and less
predator pressure; all stages of the instars would have to survive to produce the

Figure 2.2 Fosssil Rehbachiella - Ventral view showing
lateral compression stage TS10A (Walossek, 1993)

Figure 2.1 Reconstructed ventral view
of Rehbachiella kinnekullensis
(Walossek, 1993)

Figure 2.3 Fossil Rehbachiella - right side - inset close up of
thoracopods – an appendage on a thoracic segment
(Walossek, 1993)
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breeding adult (See Figures 2.1, 2.2, 2.3: Fossil Brachiopods – Rehbachiella sp.).
Adult fairy shrimp have many noticeable features. When found swimming in a
wetland, the most obvious characteristics are their dark compound eyes on stalks by
their head and feathery gilled appendages. According to Morgan (1930), they have 11 17 gills that act to propel them through the water to filter feed as well as to provide gas
exchange. The gills or legs are referred to as phyllopodia or leaf feet. Fairy shrimp swim
on their backs using their leaf feet (Figure 2.4: Fairy Shrimp Characteristics).
They are relatively translucent in color, but their color ranges from blue to green and
orange to red. Their color varies based on diet,
age and bacteria in the water (Morgan, 1930).
Some orange to red pigments are presumed to be
due to astaxanthin, a carotenoid pigment found in
their natural food source (Sanoamuang et al.,
2006). Red pigment may also be due to the

Figure 2.4 Fairy shrimp characteristics
Source: www.studyblue.com

presence of hemoglobin. When shrimp are in
oxygen rich environments, they appear transparent because of the lack of need for
oxygen carrying hemoglobin. When the environment changes however, the hemoglobin
is more apparent. Hemoglobin in anostracans is different than in other branchiopods.
Being a protein, it contains a longer chain of amino acid subunits (Mangum, 1992).
Oxygen levels and diet can affect coloration but also determine the ability of fairy
shrimp to survive in a particular habitat. They need an adequate supply of food.
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According to Morgan, (1930) fairy shrimp are grazers. They eat phytoplankton,
protozoans, rotifers, diatoms, detritus and algae, all of which are “gathered in a sort of
food trough between the ‘chewing bases’ of the gill feet and passes on toward the
mouth by their movements” (Morgan, 1930, p. 162-163; Pennak, 1989; Peckarysky,
1990; Dodson & Frey, 2001). Hence, the food is moved up the ventral surface of the
body by the actions of the gill feet to their mouth. Fairy shrimp are a lower level, or
primary consumer. They are an important part of vernal pool food webs, serving as a
food source. Many predators, such as, diving beetles and salamander larvae, found in
temporary wetlands eat fairy shrimp (see Appendix C for a vernal pool food web). The
appearance and the abundance of predators can impact the population of fairy shrimp.
Colburn states:
Diving beetle larvae and adults, water scavenger beetle larva and phantom
midge larvae are present in the early spring. As the water warms they are
replaced or joined by dragonfly and damselfly nymphs, backswimmers and
salamander larvae. Predators can play significant roles in the structuring of
aquatic communities and in determining whether other species reproduce
successfully in a given year (2004, p. 233).
Life Cycle. When fairy shrimp habitat dries up or predators become too plentiful,
their life cycle depends on the eggs that have been deposited in the soil. Shrimp survive
as diapausing or resting eggs (cysts) over the winter or through drying periods. There
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are different types of cysts; those that can hatch immediately (summer eggs) and those
that are diapausing (winter eggs) until they become quiescent or begin activation when
periods of favorable environmental conditions persist. Diapause is a resting state or
period of dormancy, in this case, as an egg in cyst form. Quiescence occurs when an
organism (cyst) begins the process of “waking up”. According to Fryer (1996), “Among
the freshwater crustaceans, it is the Branchiopoda that have universally adopted
diapause, always at the egg stage. “ He further goes on to state that “diapausing eggs,
the presence of which, both as a device for countering adverse conditions and as agents
of dispersal, has played a key role in their success” (p. 1 - 4). The diapausing egg
develops into a gastrula, a multilayered stage of development that looks like a cup with
one opening or mouth. A gastrula contains about 4,000 cells at this point. Development
stops at that stage until conditions become favorable (Grzimek’s Animal Life
Encyclopedia, 2003).
Cysts do not all hatch at one time; they are periodic in their hatching which appears
to give an evolutionary advantage in extreme conditions. This is referred to as
“diversified bet-hedging strategies” by Simovich and Hathaway, 1997. Describing their
research they said:
We investigated the hatching patterns of two newly described southern
California anostracans, because of the extreme stochasticity exhibited by their
ephemeral pool environment. We then addressed the hatching patterns of

16

these and other anostracans for adherence to the predictions of bet- hedging
models (p. 38).
Collecting cysts and hydrating them 3 times in the laboratory Simovich and Hathaway
found:
In Branchinecta sanddiogonensis, the initial hatching fraction was 6% and
cumulative hatch over the three cycles (of hydration and drying) averaged 28%.
These numbers are underestimates of the potential hatch, since in the samples
treated with chlorine, 50% of the cysts did not contain embryos. Thus, the
average initial hatch should be regarded as 12%. Streptocephalus woottoni
exhibited a similar pattern. The initial hatching fraction averaged 0.18% and the
cumulative total averages 2.8%. In this species 90% of the cysts tested contained
embryos (1997, pp. 40 – 42).
Both species reside in vernal pools that have unpredictable filling patterns. A consistent
wet period is absent. It is presumed that the low hatch rate ensures that other
diapausing eggs will be available for future inundations of water. Simovich and
Hathaway point out (as cited in Brendonck, 1996) that this data is among the lowest
reported hatching rates for anostracans.
It appears that the varied habitats of fairy shrimp relate to varied responses in
hatching and diapause mechanisms. Belk observed nine species of anostracans in
Arizona in many habitats and found the hatching varies with temperatures and at
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optimum temperatures hatches ranged from 35 – 92% for many different species (Belk
1977). In 1995, Belk and Nelson discovered that hatching in Branchinecta lindahli, a
shrimp that hatches only during cold weather, decreased with length of exposure to an
inhibitory temperature of 30 °C. Their “data supported the presumption that the cyst
failing to hatch after exposure to 30 °C did so due to diapause mechanisms: they were
not killed by the high temperature” (Belk & Nelson, 1995, p. 180).
The viability of the diapausing eggs appears important in the survival of fairy shrimp.
As reported by Simonvich and Hathaway, “they have successfully hatched Branchinecta
sandiegonensis from soil stored more than five years and Dexter (1953) successfully
hatched B. packardi Pearce after 16 years” (1997, pp. 42 - 43). Peckarsky comments
that Pennak (as cited in Pennak, 1989) has also reported viable eggs as old as fifteen
years that had been kept in dried pond mud in the lab.
Upon hatching fairy shrimp can be observed in a larval form called a nauplius (Figure
2.5: Nauplius - About 7 Hours Old). The immature shrimp form a series of instars, (12 –
16) adding more segments and
appendages with each additional molt
until they grow to be 20 segments found
in an adult (Green, n.d.; Pennak, 1989).
Figure 2.5 Nauplius - about 7 hours old
(Graham, 2013)

Figure 6: Nauplius – About 7 Hours Old
Source: Graham & Worth 2008
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“Fairy shrimp have been known to complete their entire life cycle (egg laying to egg
laying) in as few as 16 days” (Peckarsky, 1990, p. 269) (see Figure 2.6: Fairy Shrimp Life
Cycle). Anderson and Hsu (1990) reported (as cited in Moore, 1957) that

Figure 2.6 Fairy shrimp life cycle (Mong, 2013)

within two weeks S. seali can reach sexual maturity at 25°C in many natural and artificial
media. “In long-lived species like S. sealii, Anderson (1984) estimated that a single
female, living for three months, may produce more than 1,500 cysts” (as cited in
Erickson and Belk, 1999, p. 23).
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As summarized by Green from Peerskey:
Development is often rapid in the spring, but can be slowed by unusually low
temperatures. The speed of development usually reflects the amount of time
water will remain in the pool or the arrival of predators in the pool. Young which
have hatched from winter eggs develop more slowly than those that have
hatched from summer eggs. Fairy shrimp can complete their life cycle in 16
days. This allows for rapid reproduction (Green, n.d.
http://www.vernalpool.org/inf_fs.htm).
Development appears to occur at somewhat different rates for different species of fairy
shrimp based on environmental conditions. Anderson and Hsu (1990) found
temperature and water hardness had significant effects on the growth and development
of S. sealii larva. They reported the most growth at 34 ° C. At high temperatures hard
water retarded growth and development.
In contrast, mature S. sealii in Louisiana were found by Moore, (1955) surviving in a
road side ditch in temperatures as high as 42° C on June 27, 1951. Moore reported:
A few tadpoles and a dragon fly were collected along with a considerable
number of mature S. seali in apparently good condition despite the extremely
high temperature. Water temperatures showed a tremendous range. The
minimum temperature recorded by the author was 8 ° C for a ditch pond on
November 22, 1952. Mr. Henry Chase reports collecting S. seali in St. Helena
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Parish in January 1940 when the air temperature was minus 3 °C and a film of ice
covered the surface of the shallow pond (p. 177).
Fairy shrimp typically are found from early spring to early summer in temperate areas
like Minnesota. They hatch when the soil in the temporary depressions begin to fill with
snow melt and disappear in late June to the middle of July (personal observation). S.
sealii appears to have a larger range of tolerance to temperatures as well as being a long
lived species.
Streptocephalus sealii
Identification. The shrimp in this study is the Spiny Fairy Shrimp, Streptocephalus
sealii, about 1 inch in length and first identified and named by Ryder in 1879. This
specimen was found in New Jersey. Ryder says, “I named the species for Mr. W.P. Seal
who collected the first typical specimens” (p.200, 1879). Part of Ryder’s description of
S. sealii follows:
The front of the head is prolonged into a straight beak, which hangs down nearly
vertically between the first joints of the claspers, and is flattened antero-posteriorly,
and emarginate at its tip. The antenniform appendage is much longer than in S.
texanus, Packard, whilst the terminal branches of the claspers are widely different from
those of that species in their shape and relative proportions. The male organs are very
feebly armed with a few short spines, and are nearly straight . . . This similarity in the
size of the sexes, with a tendency in the females to be largest, is observed only in S.
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torvicornis, as far as I am aware. The two rather long, plumose, tapering branches of the
tail are red in both sexes, but of a much brighter red in the female: more slender in the
male (1879, pp. 200-202).
A source of confusion maybe the name for this fairy shrimp; the older literature (pre
1960) uses the name S. seali and the newer literature (post 1960) uses S. sealii.
Identifying Features. A comparison of the male and female S. sealii can be found in
Figure 2.7: Lateral View of Male and Female Streptochephalus sealii. Note the females’
ovisac located below the gilled appendages in Figure 2.7. The female also has a small
head with smaller antennae as compared to the male.

Ovisac (Egg sac)

Figure 2.7 Lateral view of male and female Streptocephalus sealii. Modified from
(Jass and Klausmeier, 2002)

One feature used to identify species of fairy shrimp are the claspers found on the
males (Figure 2.8: Heads of Several Species of Fairy Shrimp showing Claspers). Claspers
are modified antennae used as mating organs. Males grab onto the females with the
claspers to inject sperm (Kirkpatrick, 2013). Figure 2.8 illustrates the larger size of S.
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sealli as compared to other upper Midwest
fairy shrimp, as well as differences in the
claspers. To compare sizes of Midwest fairy
shrimp, including S. sealii, (see Appendix D
Typical Sizes of upper Midwest Fairy Shrimp).
Distribution of S. sealii. S. sealii is the most
widely distributed fairy shrimp (anostracan) in
the United States. It is found in 26 states in
the contiguous United States (Jass and
Klausmeier, 2000). This distribution includes

Figure 2.8 Head of several species of fairy
shrimp showing claspers. Note the more
complex claspers in S. sealii. (Jass and
Klausmeier, 2002)

ten of eleven limnological regions of the
United States, absent only in region 10, the New England states (Frey, 1963). Belk
(1975) reports S. sealii being found in at least 27 states, Mexico and Canada. Fairy
Shrimp are found from the east coast to the west coast and north to south (Jass &
Klausmeier, 2000) (Figure 2.9: Map of the Distribution of S. sealii in the United States).
DeBaise and Taylor reported (2003) new occurrences of S. sealii in Aiken and Barnwell
counties of South Carolina. These reports occurred in ponds with short periods of
inundation with water (2 – 3 months) as well as in semi-permanent pools.
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Figure 2.9 Map of the distribution of S. sealii in the United States S. sealii is the most
common anostracan in the United Stated. Cross hatching indicates the states in which
they have been found. The blacken areas in the map show the counties in which they
have been found. (Jass and Klausmeier, 2002)
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In Minnesota, the documentation of S. sealli, remains in the east central region
around the metropolitan area. Chelberg states (as cited in Creaser, 1930) S. sealii was
found in ponds near the farm school in St. Paul, Hennepin County. In the early 1980s’
Ron Lawrenz documented S. sealii in ponds in the Bayport Wildlife Management Area,
Washington County (personal communication). With the publishing of this capstone, S.
sealii, will be documented in Dakota County. With additional research a more complete
record of this species throughout the United States will be obtained.
In Minnesota as of 2002, six species of fairy shrimp have been documented in the
literature: Eubranchipus bundyi, E. holmanii , E. ornatus, E. intricatus, Branchinecta
reading and S. sealii in Hennepin County (Jass and Klausmeier, 2002) (Figure 2.10:
Minnesota and Wisconsin County Records for Species of Fairy Shrimp). Chelberg
documented three species of shrimp found throughout Minnesota (1958) but did not
find S. sealii in the years of his work from 1956 - 1958. S. sealii can be found throughout
the United States which makes its appearance in the Rosemount wetland less
astonishing than first thought. However, it is by no means a common species. There
have been only a few documented locations in Minnesota, and neighboring states of
Wisconsin, Iowa and South Dakota have not reported the species. It is reported in North
Dakota but appears most prevalent in California and Oregon with the most documented
counties reported (Jass & Klausmeier, 2000).

25

Figure 2.10 Minnesota and Wisconsin county records of fairy shrimp: Branchinecta reading (slant),
Eubranchipus intricatus (cross), E. serratus (fine slant), and Streptocephalus sealii (solid). Note the
inset is just showing the boundary between states. S. sealii have not been documented in Wisconsin.
(Jass and Klausmeier, 2002)

Vernal pools and other temporary waters
Fairy shrimp may not exist without temporary water regimes, like vernal pools. They
occur across the globe in many types of habitats from the Antarctic to deserts and
playas (Hawes 2009; Erickson & Belk, 1999). According to Colburn, (2004) vernal pools
are defined as bodies of water that have the following characteristics: woodland cover
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nearby, isolation, a certain size, specific hydrology and unique biological communities.
Vernal pools can be found in close proximity to wooded areas or in forested regions in
the glaciated northeast. However, they can be found anywhere: in farm fields, in
Colorado potholes and in peoples’ backyards.
Vernal pool characteristics. Vernal pools are relatively small and shallow, ranging in
depth from a few centimeters to an average of 118 cm at their annual maximum, for a
semi-permanent pools in northeastern United States. The average depth of annually
drying pools in the northeastern United States is 106 centimeters (Colburn, 2004). The
shallow depth causes an increase in temperatures as spring moves toward summer
increasing growth rates of organisms. Not only are pools shallow but they are small.
Most are smaller than one fourth acre (Colburn, 2004).
Vernal pools are typically found in isolated depressions. They occur in confined
basins without continuous inlets or outlets. According to Colburn (2004), vernal pools
“have no continuous surface water connection with permanently flooded water bodies”
(p. 5). This helps set up the hydrology that allow for alternating periods of wet and dry
conditions. Surface runoff from precipitation is presumed to be the major source of
water in vernal pools (Colburn 2004).
Vernal pool hydrology. Some pools can be impacted by the changing water table. As
reported by Colburn, a study on outer Cape Cod involving monthly observations of more
than one hundred monitoring wells and surface water levels showed that the water
level in fourteen vernal pools fluctuated with groundwater levels (Sobezak, et al. 2003).
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The changing hydrology creates the environment for unique biological communities.
“Because of low oxygen levels and periodic drying, vernal pools are free from breeding
populations of fish”(Kenney & Burne, 2001, p. 4). Some obligate species of vernal pools
in Massachusetts include: two species of fairy shrimp, wood frog, spadefoot toad, the
spotted salamander, the blue spotted salamander, Jefferson salamander and marbled
salamander (Kenney & Burne, 2001). Some species found in Minnesota’s temporary
ponds include: four species of fairy shrimp, spring peepers, wood frogs and yellow
spotted salamanders (Weber, n.d.). For pictures of Minnesota’s vernal pool organisms
see Appendix E.
Temporary waters. According to Cowardin et al., (1979) temporary waters are
categorized by their water regime as follows. Seasonally flooded wetlands typically
have surface water early in the growing season but are dry by the end of the season in
most years; such as a vernal pool or shallow marsh. In temporarily flooded wetlands
surface water is present for a short time, the water table is below the soil surface for
most of the growing season, and the plants in basin during the dry season are those that
would grow in the upland. Examples of this type of wetland include agricultural
wetlands or low wet prairies. Semi-permanent flooded wetlands have surface water
through most growing seasons. If they dry down, then the water table is usually at or
just below the surface. Wetland plants would be visible throughout the year. Many
shallow marshes would fit this category. All types of wetlands are necessary to maintain
a variety of wildlife.
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Importance and conservation of vernal pools. Vernal pools are important for many
reasons. As previously stated, they contain indicator species, such as fairy shrimp, that
cannot live in other environments; therefore, pools help maintain biodiversity. Species
that benefit greatly from the existence of vernal pools are several amphibians, including
wood frogs and mole salamanders. These unique ecosystems provide rest stops for
migrating waterfowl and shorebirds.
Unfortunately vernal pools are being destroyed even before their importance is fully
discovered. As stated by Colburn, (2004):
Vernal pools are being filled, dredged, and drained. Their watersheds are being
altered by residential, commercial, agricultural, and recreational development,
fragmented by transportation projects, and dramatically modified by industrial
forestry activities. Rates of conversion of woodlands to other uses have
skyrocketed across the continent. The spread of mosquito-borne diseases, such
as West Nile Virus, has increased public support for mosquito control activities,
many of which target vernal pools (p. 273).
Vernal pools are subject to alteration because many do not meet the protective criteria
covered by section 404 of the Clean Water Act (Evans, 2013). It will take a combined
effort of preservation of intact prairie and forest areas, education, legislation, and the
developing of conservation incentives and models to mitigate the damage that has been
done and continues to be done to vernal pools.
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Climate change is also taking its toll on vernal ecosystems. Lindholm et al. (2012)
observed a climate driven range retraction in Arctic fairy shrimp, Branchinecta paludosa.
In comparison studies from 1970 to 2011, the shrimp at higher altitudes remains
roughly the same, but the shrimp at lower altitudes where temperatures have increased
show a decline in population. Factors controlled for in this investigation included study
areas located in government protected areas free from human disturbance, and no fish
present in any of the wetlands studied (Lindohm et al., 2012). Now is the time for more
research and conservation efforts on vernal pools before they are lost because some of
the organisms that inhabit them are restricted in their ability to disperse.
Methods of Dispersal in Crustaceans Cysts
Dispersal mechanisms for anostracan eggs are a major focus of the research question:
How did S. sealii come to reside in the mitigation site R23? The methods in which fairy
shrimp move from one temporary water regime to another have been the topic of much
research (Pinceel et al., 2013; Hawes, 2009; Graham & Wirth, 2008; Vanschoenwinkel et
al. 2008; Brendock & Riddoch, 1999; Proctor, 1964). Branchiopods are able to survive,
as nauplius, juvenile or adult stages, only a short time out of water. They are carried as
cysts by wind or wildlife from nonadjacent patches of habitat (Brendock & Riddoch,
1999; Proctor, 1964).
Internal dispersal agents. Moving internally in a vector is one method of dispersal.
Crustacean eggs can be transported through the digestive systems of ducks and
shorebirds that ingest them. The eggs are still viable after leaving the birds. Resting
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eggs are unaffected by passing through the digestive tract of crayfish as well (Green et
al. 2002). Dispersal by crayfish may involve shorter distances than the potential long
range dispersal by shorebirds or waterfowl, unless the crayfish was eaten and its
contents transported by another large predator. Patterns of waterfowl dispersion have
the potential to impact biodiversity of pools. Graham and Wirth point out that
California has nine endemic species of fairy shrimp and their dispersal patterns in
California have maintained high endemism (as cited in Ericksen &Belk 1999; Silverira,
1998; Simovich 1998) due to the selective use of different temporary wetlands by
waterfowl even though the wetlands are only a few meters apart. Endemism is the
state of being unique to a defined geographical location; they are not found elsewhere.
To have several species of shrimp found only in specific pools may mean that the
waterfowl are being highly specific in the habitat they utilize.
External dispersal agents. A less specific external mechanism of dispersal in
crustacean eggs found in ephemeral wetlands is wind (Hawes, 2009; Graham & Wirth,
2008; Vanschoenwinkel et al., 2008). Vanschoenwinkel et al. (2008), stated that in
ephemeral wetlands wind maybe more important than previously thought. It is
suspected by Graham and Wirth (2008) to be the primary method of dispersal in
ephemeral pools on the Colorado Plateau. Graham reported (as cited in Graham and
Wirth, 2008) that in 18 years working potholes in the area, he had only one sighting of a
shorebird visiting a pool (T. B. Graham, unpublished data). Graham and Wirth (2008) set
up a wind tunnel and observed differences in the disturbance of the surface crust of dry
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soil based on human activity (bike track, ATV, and no human disturbance) as compared
to quantities of branchiopod cysts moved. They observed that “undisturbed sediment
without cracks was nine times more resistant to wind erosion than the ATV track” (p.
20). They used winds speeds that could occur naturally in the region and discovered
that “numbers of cysts and amount of sediment (moved) were considerably higher in
the disturbed sediment trial” (p. 21) (See Appendix F for their wind tunnel data). They
concluded that wind erosion could have significant impacts under drought conditions by
removing much of the population of branchipods. Vanschoenwinkel et al., (2008)
confirmed wind as an important factor in their study of dispersal and taxon richness
using wind socks to catch propagules (cysts). “Regression models indicated that wind
dispersal increased when pools dried up and that the number of dry pools was the most
important factor explaining 71% of the taxa richness and 87% in the total number of
dispersing propagules” (p. 130). The species of propagules and the number of
individuals collected is found in Table 2.1 Individuals Collected for Each Taxon from
Wind Socks (Vanschoenwinkel et
al., 2008). Wind erosion can also
change the biodiversity of temporary
ponds by potentially leading to
egg bank depletion
(Vanschoenwinkel et al., 2008).

Table 2.1 Individuals collected for each taxon from wind
socks (Vanschoenwinkel et al., 2008)
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Flowing water can also be a mechanism of dispersal for resting eggs. Pinceel reports
(as cited in Hulsmans et al., 2007; Brendonck & Riddoch, 1999) that floating resting eggs
are dispersed by heavy rains in nearby pools that have overflow connections. Pinceel et
al. (2013) explores the phenotypic changes in resting eggs that allow them to float or
sink. He contends that these changes allow them to increase their dispersal so they
“invest in dispersal in space and/or in time to avoid demographic catastrophes” (p. 749).
Vanschoenwinkel et al., point out (as cited in Levin, Cohen & Hastings, 1984) the
catastrophe would be the loss of the entire population, in an unstable hydrologic
setting. The floating eggs are more likely to be picked up by wind if they accumulate
near the shores edge as the wetland dries down. Pinceel et al. reported (as cited by
Vande Meutter et al., 2002) that “floating eggs of daphnia were also shown to be
dispersed readily by animal vectors, such as water bugs” (2013, p. 750). There is
potential that backswimmers, Notonecta, could also carry the cysts of shrimp in their
hair fringes on their legs and abdomen. More research is needed in this area. Floating
eggs have the ability to disperse in time and space by several mechanisms. In order to
disperse, crustacean eggs benefit from the presence of series of wetlands, many of
which have been lost by draining and filling.
Wetland Regulations and Mitigation
Wetland lost. The quantity and quality of wetlands have decreased substantially in
the conterminous United States (lower 48 states) over the past 200 years. Through
government legislation and private drainage efforts the total acreage of wetlands in the
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lower 48 states have been reduced, an estimated 53%, from the original 221 million
acres between 1780’s to the 1980’s (Dahl, 1990). See Figure 2.11. States with Notable
Wetland Loss, 1780’s to mid1980’s.

Figure 2.11: States with notable wetland loss, 1780's to mid1980's (Dahl and Allord, 1996)

The Swamp Land Act, first passed by Congress in 1849, and
extended to Minnesota through amendments in 1860,
established Federal legislation for large scale wetland
drainage (Dahl & Allord, 1996). See Table 2.2 for the
amount of land granted to states.
Reported by Shaw and Fredine (1956), wetlands were
drained for purposes of increasing agricultural land and to

Table 2.2 Acreage granted
to the States under the
authority of the Swamp
Land Acts of 1849, 1859 and
1860 (Shaw and Fredine,
1956)
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reduce the presence of potential pests, mosquitoes. Hamline Law review reports (as
cited by Aus, 1969) more than ten million acres of Minnesota’s wetlands had already
Table 2.3 Percentage of Wetlands Remaining By County (Wetlands Conservation Plan, 1997)
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been drained (as of 1969) and approximately five percent of the remaining wetlands
continued to be destroyed each year. The Minnesota Wetland Conservation Plan
reports that in Dakota County in 1981, there were 4,000 acres of wetlands. As of 1997,
only 14.3 percent of that acreage remained (Minnesota Wetlands Conservation Plan,
Version 1.02, 1997). See Table 2.3 Percentage of Wetlands Remaining By County.
Defining wetlands. Wetland regulations were enacted due to these extreme losses.
The protection and restoration of wetlands in the United States has reversed trends
established since settlement through more recent federal, state and local legislation. To
understand the regulations regarding wetlands one must distinguish between the public
policy decisions defining wetlands and the scientific definition of a wetland. The
definition appears critical to enforcing policy. The definition of a wetland from the
National Research Council (1995) is as follows:
A wetland is an ecosystem that depends on constant or recurrent, shallow
inundation or saturation at or near the surface of the substrate. The minimum
essential characteristics of a wetland are recurrent, sustained inundation or
saturation at or near the surface and the presence of physical, chemical, and
biological features reflective of recurrent, sustained inundation or saturation
(National Research Council, 1995, p. 3).
In Minnesota, scientists delineate wetlands based on three diagnostic features: hydric
soils, greater than 50 percent dominance of hydrophytic (wetland) plant species and
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wetland hydrology, a basin that holds and maintains water, during the growing season
(Minnesota Wetland Conservation Plan, Version 1.02, 1997).
In Minnesota, wetlands are protected by the Wetlands Conservation Act (Minnesota
Statues § 103A.201 - 103G.2372) and are identified according to a 1956 classification

developed by Shaw and Fredin (1956). The following general types of wetlands are
found in Minnesota: Type 1 - seasonally flooded basin or flat, Type 2 - wet meadow,
Type 3 - shallow marsh, Type 4 - deep marsh, Type 5 - shallow open water, Type 6 shrub swamp, Type 7 - wooded swamp and Type 8 – bogs. See Figure 2.12: Wetland
Types, for more information and a graphic of these types of wetlands
http://www.bwsr.state.mn.us/wetlands/wca/Wetlands_in_MN.pdf).
Wetland legislation. Wetlands that are regulated fall under the title "Public Waters
Wetlands" and are protected under federal and state laws governing all public waters
called the Public Waters Act (PWA). Under Minnesota Statute § Section 103G.005,
Subdivision 18, public waters are defined as:
“all types 3, 4, and 5 wetlands, as defined in United States Fish and Wildlife
Service Circular No. 39 (1971 edition) . . . that are ten or more acres in size in
unincorporated areas or 2-1/2 or more acres in incorporated areas" (Minnesota
Statute § 103G.005(18)(1990) as cited in Hamline Law Review Volume 15, p.
446).
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Unincorporated areas are regions of land that are not governed by a local municipality,
but by a larger administrative division such as a township, parish, county, city or state
(Wikipedia.org, July 26th2015 retrieved from
https://en.wikipedia.org/wiki/Unincorporated_area).
One of the first federal legislative efforts to preserve and protect wetlands came in
the form of the Clean Water Act (CWA) of 1972 which included the Public Waters Act.
Larger wetlands, type 3, 4 and 5 as defined by the United States Fish and Wildlife Service
are afforded some protection under the Clean Water Act of 1972 but smaller temporary
wetlands or vernal pools, type 1 or 2 were not yet protected (Hamline Law Review 15,
1991-92).
Another piece of federal legislation that reduced wetland loss was part of the Food
Security Act of 1985 and 1990. As summarized by Votteler and Muir:
The program that seeks to remove Federal incentives for the agricultural
conversion of wetlands is part of the Food Security Act of 1985 and 1990, and is
known as "Swampbuster." Swampbuster renders farmers who drained or
otherwise converted wetlands for the purpose of planting crops after December
23, 1985, ineligible for most Federal farm subsidies. Through Swampbuster,
Congress directed the U.S. Department of Agriculture (USDA) to slow wetland
conversion by agricultural activities (U.S. Fish and Wildlife Service, 1992, p. 26).
Small shallow wetlands still needed help. “The most notable recommendation of the
National Wetlands Policy Forum (1987) was that Congress adopt a national policy calling
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for ‘no net loss’ of wetlands in the United States” (Comstock, 1989, p. 17). Under this
executive order Comstock reflected that:
This policy does not imply that permits for the alteration of wetlands will be
denied, but rather, that any loss of wetlands by dredging or filling is to be mitigated
by improving an existing wetland, restoring a degraded wetland or creating a new
wetland (p. 17).
The Minnesota Legislature adopted the Minnesota Wetland Conservation Act (WCA) in
1991 to protect wetlands not protected under DNR’s public waters permit program and
provide no net loss of Minnesota’s remaining wetlands. See 1991 Minn. Laws Ch. 354, as
amended (http://www.bwsr.state.mn.us/wetlands/publications/MNRegulations.pdf).
An example is the mitigation site in this study, R23, a type 1 wetland. It was created to
mitigate for the loss of part of R22, a type 3 wetland, resulting from improvements to
Bonaire Path.
“In Minnesota, a permit from the Minnesota DNR is required in order to change the
course, current, or cross section of any public waters, including protected wetlands,
whether by filling or excavating [Minn. Stat. § 105.42. (1988)]” (Comstock, 1989, p. 16).
Work in public waters is currently following Minn. Stat. § 103G.245. Agencies
responsible for the regulation of wetlands in Minnesota include the federal agencies,
United States Army Corps of Engineers (USAC) and the United States Environmental
Protection Agency (EPA), and the state agencies, the Minnesota Department of Natural
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Resources (DNR) and Minnesota Board of Water and Soil Resources (BWSR) (Comstock,
1989).
Minnesota has both federal laws previously mentioned and state laws governing
wetlands. “The Wetland Conservation Act (WCA) was first passed in 1991 as Minnesota
Laws Chapter 354, as amended (codified, as amended, at Minnesota Statutes § section
103G.222-.2373 and in other scattered sections)” (Wetland Conservation Act Manual,
2004, p. 5). The WCA has a larger scope and regulates more wetlands, including type
one and two wetlands. Local Boards of Water and Soil Resources (BWSR) are
responsible for implementation of WCA. At the local level, BWSR coordinates with the
water commissioner to determine extent and value of wetlands and are required to
approve mitigation plans. The WCA also called for the creation of a wetland heritage
committee and provides for wetland monitoring programs. The WCA extends
protection of wetlands through conservation easements and prevents the draining and
filling of wetlands without a replacement plan (Forsberg, 1992). As stated in the
Wetland Conservation Act Manual (2004):
The overall goal is no net loss of wetlands (Minnesota Rules, part 8420.0105).
Specifically, WCA regulates the following activities:
■ Draining and filling, wholly or partially, is regulated in all wetland types;
■ Excavation is regulated in the permanently and semi-permanently flooded
areas of types 3, 4, and 5 wetlands;
■ Excavation is regulated in all wetland types if the excavation includes filling or

41

draining, or results in conversion to non-wetland (including deep water
habitat).
WCA does not prevent the use of the bed of wetlands for pasture or cropland
during periods of drought if dikes, ditches, tile lines, or buildings are not
constructed and the agricultural use does not result in the drainage of the
wetlands. It does not prevent filling a wetland to accommodate wheeled booms
on irrigation devices if the fill does not impede normal drainage. It does not
prevent control of noxious weeds if the control does not drain or fill the wetland.
WCA does not apply to public waters wetlands, which are regulated by the
Minnesota Department of Natural Resources. WCA does not supersede other
regulations such as those of the U.S. Army Corps of Engineers, U.S. Department
of Agriculture, Minnesota Pollution Control Agency, watershed districts, and
local governments. Persons proposing to do wetland projects may need
approvals from these agencies (p. 5- 6).
Wetland legislation and regulation are much more complex than presented here.
They appear at times to be manipulated by land owners and agencies which may not
always act in the best interest of the environment. However, without legislation many
more wetlands may have been lost (Hamline Law Review, 1991-1992). The latest round
of legislation occurred in March 2008, “the U.S. Environmental Protection Agency (EPA)
and the U.S. Army Corps of Engineers (the Corps) announced innovative new standards
to promote no net loss of wetlands by improving wetland restoration and protection
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policies, increasing the effective use of wetland mitigation banks and strengthening the
requirements for the use of in-lieu fee mitigation” (EPA,
http://water.epa.gov/lawsregs/guidance/wetlands/upload/MitigationRule.pdf).
Mitigation processes and legislation. As referred to earlier in this work, mitigation
banking is the process of restoring wetlands, creating new wetlands on site or creating
new ones in other locations, to mitigate for those lost in development. Mitigation
occurs due to legislation and varies with each site. Development near aquatic resources
follows a 1990 policy called the Memorandum of Agreement (MOA) between the
Environmental Protection Agency (EPA) and the Department of the Army. It guides
mitigation decisions to help them comply with the Clean Water Act section 404. The
policy is called the mitigation sequence because actions taken follow the order of the
sequence. First, it avoids impacts and discharges to aquatic resources if possible;
second, it minimizes adverse impacts to wetlands; and third, it allows for compensation
for damage that may occur. Compensation does not substitute for avoiding and
minimizing impacts. Compensation may occur in a variety of ways and can include
restoration of an existing site, creating a new site, enhancement activities which
improve current wetland functions and permanent preservation of ecologically
important areas, such as a conservation easement (EPA,
http://www.epa.gov/owow/wetlands/pdf/CMitigation.pdf).
Creation of a new site is the type of mitigation that occurred in the Rosemount
wetland R23. According to the City of Rosemount policy, a 3:1 replacement ratio is used
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for lost or impacted wetlands; three acres of wetlands need to be created to mitigate
for the loss of one acre (Mitigation Plan, 2008). This type of mitigation is overseen by
two guiding principles for choosing the site of mitigation according to the Minnesota
Wetland Conservation Plan (MWCP 1.02, 1997). The first is “that the lost functions are
most needed where they originally existed and are more likely to be replaced
successfully there” (MWCP 1.02, 1997, p. 61). For example, functions lost by wetland
alterations would more appropriately be needed within the watershed in which the
mitigation is taking place. Wetland functions include: water storage, flood control,
groundwater recharge, biological productivity, biogeochemical cycling and storage,
decomposition, and wildlife habitat. The second guiding principle is “to achieve the
greatest overall environmental benefit for the state” (MWCP 1.02, 1997, p. 61). If a
higher quality wetland with more functionality could be created or is needed elsewhere
in the state, it would be more beneficial to allow the mitigation to take place outside of
the watershed or county where the loss occurred.
The mitigation siting regulations for replacement wetlands are already established by
the Wetland Conservation Act as cited by the Minnesota Wetland Conservation Plan
(1997):
The preference for siting replacement wetlands follows this priority order:
1) On-site or in the same minor watershed as the impacted wetland
2) In the same watershed (81 USGS) as the impacted wetland
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3) In the same county as the impacted wetland
4) In the same Wetland Ecological Unit (WEU) as the impacted wetland and
5) Statewide, only for wetland impacts in "Greater than 80 Percent Areas" and
for public transportation projects (p 61).
One exception to this is, if an impacted wetland is in an area that has already lost 50
percent of its wetlands. Then the mitigation must take place in an area that has had a
50 percent loss. It also states that within the seven county metropolitan area, if no
mitigation opportunities exist within the county of the loss, then the mitigation must
take place in another one of the seven counties in the metropolitan area (MWCP 1.02,
1997). The percentage of the wetland coverage for the conservation act in Minnesota
can be found in Figure 2.13: Wetland Areas under the Wetland Conservation Act.
Mitigation and ecology. Mitigation is by no means an easy solution to wetland
habitat loss. The goal is to create a self-sustaining habitat (Jed Chestnut interview,
2015; Compensating for Wetland Losses under the Clean Water Act, 2001). The habitat
needs to be managed for several years to prevent weedy undesirable species from
dominating. The conclusions from Compensating for Wetland Losses under the Clean
Water Act, 2001, include, “wetland mitigation designs should include plantings (e.g.,
sedges over cattails). Unless actively controlled at the outset, exotic and weedy plant
species often dominate restoration sites. Species richness is often low in created
wetlands”(p. 45). Planting or seeded is preferred as compared to natural colonization.
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Figure 2.13 Wetland areas under the wetland conservation act (Minnesota Board of Soil and Water Resources,
MWCP Version 1.02, 1997)

One example of this is found in the work done by Reinartz and Warne (1993) in
southeastern Wisconsin. They found that seeding a small isolated depressional wetland
may enhance its long-term plant diversity. They seeded five wetlands with 22 species of
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plants as compared to eleven naturally colonized wetlands and reported that the
seeded wetlands had a higher species diversity and richness after two years.
One may conclude that it could take longer to reach equilibrium with the new
vegetation in seeded areas. Colonized wetlands had a higher quantity of Typha (cattail)
after a three year period (55 %), trending toward a monoculture. Typha cover was
lower in seeded sites than colonized sites after two years. Typha can lower biodiversity.
A follow up to this same study after 15 – 20 years may yield more information as to the
long term results of seeding this type of wetland. As reported in Compensation for
Wetlands under the Clean Water Act:
Wetlands fail to support plant biodiversity when the environment is extremely
hostile (e.g., extremely contaminated or hypersaline) or when one or a few
species dominate the site. Monotypic vegetation can be formed by native
species or exotic species. Cattails (Typha species and hybrids) are notorious for
overtaking nutrient-rich wetlands (Wilcox et al.1984), as are giant reed grass
(Phragmites australis/communis), purple loosestrife (Lythrum salicaria), and reed
canary grass (Phalaris arundinacea). Invasiveness is a function of both the
invader and the habitat it colonizes. Plants that invade wetlands are typically
species with high seed production, high germination rates, and the ability to
spread vegetatively. . . An additional attribute of invasive species is their ability
to take up and utilize nutrients from high concentrations in the water or soil
supply (p. 30).
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Recovery of the vegetation appears to be dependent upon management of a site, the
environmental conditions and the choice of plant materials. Mitigation sites appear to
have a quicker recovery if they are seeded or planted. Vegetation in a mitigation site
can potentially develop at a much faster pace than soil development.
Hydric soils. Soil development is an important component in successful wetland
mitigation. Flood plains have historically been used for agriculture because of their rich
hydric soils. Hydric soils develop when flooding occurs long enough for anaerobic
conditions to occur in the upper part of the soil (Natural Resources Conservation Soil,
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/use/hydric/?cid=nrcs142p2_053
961).
To understand hydric soils found in wetlands, one must first understand soil. It is a
complex material made up of living and dead organic matter, air, water, rocks and
minerals. The proportions of those components, as well as the conditions under which
soil form, create the soil type (Pidwirny, 2013). Rocks and minerals form the inorganic
particles of soil. All soils are made of three types of particles, sand, silt and clay. The
distinction between them based on size is found in Table 2.4 Particle Size Ranges for
Sand, Silt and Clay.
The particle size is important in the porosity of the soil and whether it will hold water.
For instance, loam, is a soil that contains 7 – 27 percent clay particles, 28 – 50 percent
silt particles and less than 52 percent sand particles. Otterholt silt loam is the soil that
dominates the mitigation site (R23) in this study according to the Soil Survey of Dakota
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County (Hundley, 1983). Loam, containing some clay, is moderate in its ability to allow
water to pass through (Hundley, 1983).

Table 2.4 Particle Size Ranges for Sand, Silt, and Clay.
Type of Mineral
Particle

Size Range

Sand

2.0 - 0.06 millimeters

Silt

0.06 - 0.002 millimeters

Clay

less than 0.002 millimeters

(Pidwirny, 2013) Soils - The Encyclopedia of Earth
http://www.eoearth.org/view/article/156081/
As summarized by Pidwirny:
Clay is probably the most important type of mineral particle found in a soil.
Despite their small size, clay particles have a very large surface area relative to
their volume. This large surface is highly reactive and has the ability to attract
and hold positively charged nutrient ions. These nutrients are available to plant
roots for nutrition. Clay particles are also somewhat flexible and plastic because
of their lattice-like design. This feature allows clay particles to absorb water and
other substances into their structure (2013, p. 1).
Clay is important to wetland ecosystems. As reported by Zedler et al., “Restoring or
creating vernal pools begins by re-creating the topography where there is appropriate
substrate, a clay layer that seals upon wetting” (1993, p. 230). Once the clay particles
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allow for water build up, then soil development can take place. In sandy soils water
percolates too fast through the substrate, so it is difficult for wetlands to form.
The formation or development of soils is also a complex process. “Hydric soils are
defined as soils formed under conditions of saturation, flooding or ponding long enough
during the growing season to develop anaerobic conditions within the upper part” (Field
Indicators of Hydric Soils in the United States, 1996, p. 1). Saturation with water creates
conditions that allow bacteria from the organic layer to use up the oxygen creating an
anaerobic environment. This environment promotes biogeochemical processes in which
reactions remove accumulated iron and other reducible elements from the soil. The soil
then becomes grayish with varying deposits of red iron. There are many varieties of
hydric soils with many indicators that can be found in the previously cited guide to
hydric soils.
One component of soil that is created over time is the organic portion called soil
organic material (SOM). This is typically greater in the top layer of soil which contains
the majority of dead organic matter from decomposition. The details of soil chemistry
are too involved for this work but cation exchange capacity (CEC) will be discussed. As
defined by Hazleton and Murphy:
Cation exchange capacity is the capacity of the soil to hold and exchange cations
(positive ions). It provides a buffering effect to changes in pH, available
nutrients, calcium levels and soil structural changes. As such, it is a major
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controlling agent of stability of soil structure, nutrient availability for plant
growth, soil pH, and the soil’s reaction to fertilizers and other ameliorants
(2007, p. 64).
An ameliorant is a compound that helps plant growth by improving the physical
condition of the soil, such as sand or peat (http://www.merriamwebster.com/dictionary/ameliorant). The CEC affects the soils ability to hold nutrients
for plants as well as prevent acidification of the soil. Clay and organic material have a
high CEC. Sandy soil has a low CEC and depends on the organic material to hold the
nutrients for plant growth. A low CEC means the soil has a low resistance to changes in
soil chemistry that are caused by land use (Hazleton & Murphy, 2007). Soil in naturally
occurring wetlands develops over a long period of time. Craft et al., (1999) reported
that hydric soil can take from three to thirty years to reach equilibrium, if equilibrium
can be realized. Craft is referring to the idea that mitigated wetlands may not develop
fully functioning soils as compared to natural wetland ecosystems.
Ballantine & Schneider, (2009), completed the first study of soil development of
restored wetlands from three to fifty-five years old. They compared thirty-five
depressional wetlands in New York with five natural wetlands looking at several aspects
of soil development and found trends in: CEC, SOM, standing biomass, and litter
accumulation rates (Table 2.5. Long Term Trends of Change Based on Mean Values in
soil Properties).

51
Table 2.5 Long term trends of change based on mean values in soil properties
(Ballantine & Schneider, 2009)

Ballantine and Schneider’s data shows:
Mean SOM of restored wetlands increased with time throughout the soil profile.
These increases were greatest in the surface 0-5 and 5 – 10 cm layers and lowest
in the 10 – 15 cm layer. However, in all restored wetlands, including those 50 –
55 years old SOM levels were still less than one half that of their natural
counterparts. SOM averaged 6.2% in the top five cm in restored wetlands aged
three to five years, as compared with 46.4% in the natural reference wetlands
(2009, p. 1471).
Decomposition was the same for all aged wetlands with about 50% of the litter
decomposing in the first three months of the study. Leaf litter and standing biomass
increased to levels similar to reference wetlands at a much higher rate than CEC levels
and SOM. CEC levels were less than one-half the levels of natural reference wetlands 55
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years after restoration (Ballantine & Schneider, 2009). The cation exchange capacity
and the amount of soil organic matter are important parts of a balanced wetland
ecosystem needed for the survival of plants and other organisms.
Summary
This review briefly described the basics of many topics involved in this study: (a) fairy
shrimp natural history including life cycles, (b) identification and distribution, (c)
dispersal mechanisms as adaptations to extreme conditions, (d) vernal pools
conservation, importance and inhabitants, (e) wetland and mitigation regulations, and
(f) the importance of hydric soils in developing and maintaining mitigated wetlands.
Chapter three will address the methods used to apply this information in an attempt to
determine the reason for the appearance of S. sealli at the mitigation wetland in
Rosemount.
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CHAPTER THREE
Research Methods
Introduction
Multiple types of data are utilized in this work, investigating the introduction of the
fairy shrimp, S. sealii into the mitigation wetland, R23. The data and methods for
collection, all fall under the realm of descriptive qualitative research (Hale, 2011). This
work is not an experiment looking for cause and effect like the dispersal information in
Graham and Wirth, (2008) or studying the relationship between specific hatching
strategies and their correlation to environmental conditions (Maffei et al., 2005). The
potential method of introduction of the fairy shrimp in R23 may be found from
observations of the natural history of the shrimp, the hydrology or the mitigation
records. In attempting to accomplish this, many different avenues of research were
followed to obtain the necessary data.
This research also involves a case study of the mitigation wetland R23 and the fairy
shrimp that currently reside there. Field observations looking for the presence of fairy
shrimp were taken at R23 and in wetlands similar to R23 in the local area. Observations
of soil cores were used to identify preexisting hydric soils. Historical observations,
reports and aerial photographs were used to help determine hydrology and land use of
the area over time. Mitigation records were used to investigate the role of restoration
practices, if any, in the presence of fairy shrimp on the site, R23.
Observational qualitative methods were best for collecting information on a wide
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variety of influences to the area that includes mitigation site R23. Qualitative
observations were the most appropriate method given the researchers’ skill set, the
environmental conditions during the time of the study and limited budget. The original
goal of this work was to investigate the relationship between the mitigation practices
used to restore the site and the introduction of the fairy shrimp. Time, expense and the
ability to obtain permits prevented the use of a cause and effect methodology that may
have yielded data; for example, by catching waterfowl, shorebirds and other vectors to
determine their role, if any, in transportation of fairy shrimp cysts. The authors’
preference of observing many potential variables to the introduction may not determine
a cause but may open other avenues for future research.
To help ascertain where, when, and how to collect data, background information on
several topics was obtained: (a) fairy shrimp biology, (b) physical features of temporary
wetlands, and (c) soil composition and its role in wetland delineation. With that
information available, contacts were made to various professionals to determine the
ecology and history of the mitigation site. In addition, direct observations were made at
the site and in nearby locations that potentially could determine the origin of the
introduced population of S. sealii prior to their arrival into the mitigation wetland R23.
Preliminary data collection
In the Fall of 2014 contacts were made with the City of Rosemount and the
environmental engineering firm WSB and Associates, to ascertain the feasibility of this
study. Ron Lawrenz confirmed the identity of the species of fairy shrimp (personal
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communication). In addition he gave some early, critical direction for this research.
Attempts were made to gather documents regarding the mitigation of the site. Jed
Chestnut, wetland/natural resource specialist, Washington County Conservation District
and former WBS employee, oversaw the restoration of the site and continued its
monitoring until 2012. The information obtained from interviewing Jed Chestnut
allowed this study to continue.

Phase One: The Site and Surrounding Area
On Site Data Collection Methods
The study site is a small shallow seasonal mitigation wetland, R23, described in
chapter one and in chapter four of this work. Observations on the biotic and abiotic
conditions of the study site were made in April, May, June and July of 2015. Data on
fairy shrimp (presence, sex and relative abundance), as well as a survey of other aquatic
invertebrates and plants was collected using a meandering survey. The methods of
observation and collection varied with water depth; more details available with the data
in chapter four of this work.
Dip net samples were taken to photograph and to record specific information about
shrimp at both individual and population levels and to confirm other aquatic
invertebrates. The population of the shrimp at R23 was considered tenuous and the
author was cautious to avoid impacts to the population size. Aquatic invertebrates were
identified to phylum, order or family in the field and released. Plants were identified in
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the field as deemed important in determining habitat type. Additional data on the
water temperature and pH were taken with a pHep Hanna meter; water depth was
taken using a meter stick in the accessible areas. The average size of the mitigated
wetland basin was measured. See Figure 3.1. Equipment Used for Phase One.
Photographs were taken to document any change in the mitigation site throughout the
season (see Appendix G for personal photographs of R23 through the season).

Figure 3.1 Equipment used for phase one, includes: an A frame aquatic dip net, 15
meter tape measure, waders, collecting pans and a pHep pH and water temperature
meter.

Surrounding Area Data Collection Methods
In June and July of 2015 observations of other wetlands in close proximity to R23,
that fit the parameters of temporary or seasonal pools, were surveyed for the presence
of fairy shrimp. These sites were determined using the Metropolitan Mosquito Control
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District (MMCD) mapping system. Sites identified as Type 1 and Type 2 wetlands by the
MMCD were targeted. If the wetland appeared to be appropriate for fairy shrimp, a
meandering survey of the inundated area was completed. In addition, dip net samples
were taken in each wetland, when water depth allowed. The number of dip nets varied
based on the conditions of the wetland. If fish were found, no further data was taken.
Aquatic invertebrates were identified from the survey and the dip net. They were
identified and recorded in the field to phylum, order or family; the presence or absence
of fairy shrimp was noted. All aquatic invertebrates were released. Additional data on
the water temperature and pH were taken with a pHep Hanna meter; water depth
taken using a meter stick in the accessible area. Plants were identified in the field as
deemed important in determining habitat type. Waders were washed between visits to
R23 and other ponds to minimize the transmission of organisms between ponds, with
particular care in avoiding the introduction of predatory fish into R23.
To determine historical presence of fairy shrimp at the site or in other Rosemount
wetlands, data from the Wetland Health Evaluation Program was reviewed between
2008 through 2014 (Refer to Table 1.1 on page 5).
Other Data
An unexpected addition to the data sets included the observations of the behavior of
the fairy shrimp in R23, including: (a) location of groups within the wetland, (b) location
of individuals within the water column, (c) ratios of male to female, (d) sensitivity to
movement, and (e) changes in population density through the season.
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Phase Two: Hydrology, Soils and Land Use History
Several avenues were investigated, to determine if the mitigation site may have
contained fairy shrimp cysts prior to restoration. They included:
1. Analyzing ArcGIS maps comparing wet and normal years to determine if the area
had been inundated with water at some point in the last 75 years. The wet years
were determined using climate information from Minnesota Climatology
Working Group.
2. Documenting prior land use and land use changes using ArcGIS maps and talking
to neighbors.
3. Identifying soil types in the area using the Dakota County Soil Survey.
4. Soil core samples were taken in July from an area in close proximity, at the same
elevation as the mitigated wetland R23, and in the mitigated wetland. A
comparison could then be made looking for hydric soils in both sites (see Figure
3.2 Wetland Core Sample Location, Figures 3.3 – 3.4 Upland Core Sample
Locations). PVC pipe, 1.5“x 4’ was pounded into the ground using a hammer and
a brick. A fitted wooden cap was created that rested on top of the PVC pipe to
prevent cracking of the PVC (see Figure 3.5. Equipment Used for Soil Cores).
5. In July, precipitation data was collected using Minnesota Climatology Working
Group for the period of the study as well as the three years prior to help draw
conclusions regarding the hydrology of the site.
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Figure 3.2 Wetland core sample location, orange flag is
site.

Figure 3.3 Upland core sample location - looking due
north toward R23

Figure 3.4 Upland core sample location - looking due
East toward R22

Figure 3.5 Equipment used for soil cores

Phase Three: Mitigation Information
Mitigation records were requested from the City of Rosemount, and BRW and
Associates, the engineering firm that designed the mitigation site R23. Records received
included mitigation monitoring records from 2010 to 2012 and the mitigation plan.
Requested records from Dakota County Soil and Water Conservation District (DCSWCD)
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were unavailable. According to Brian Watson, (DCSWCD) records of “on site”
mitigations, are not kept with their agency (personal communication). Attempts were
made to contact suppliers and contractors. That information was used to determine if
materials brought onto the site; which may include soils, seeds, plants, could potentially
have contained fairy shrimp cysts.
The hydrology and topographical conditions that existed prior to, and after the
creation of R23 that may account for the presence of S. seali were investigated using: (a)
historical documents from the mitigation, (b) land use and high water levels on aerial
photographs, (c) interviews with people involved in the restoration or familiar with the
area, and (d) the mitigation plan and monitoring reports.

Data Analysis
The data collected in the study was analyzed using thematic analysis. “Thematic
analysis is a systematic approach to the analysis of qualitative data that involves
identifying themes or patterns”(Lapadat, 2010, p. 926). Qualitative observations were
analyzed for themes and patterns in the changing hydrology near R23, in hydrology as it
related to precipitation levels and habitat, and habitat patterns that could be favorable
for fairy shrimp. Soils were analyzed for hydric patterns using Field Indicators of Hydric
Soils in the United States, A Guide for Identifying and Delineating Hydric Soils (1996).
An unexpected addition to the data included the observations of the behavior of the
fairy shrimp in R23, including: (a) location of groups within the pond, (b) location of
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individuals within the water column, (c) ratios of male to female, (d) response to
movement of researcher, and (e) changes in population density through the season.

Summary
Chapter three discussed the variety of methods used to collect data for this study.
A variety of types of data collected on several topics, related to the factors that affect
the dispersal and natural history of the fairy shrimp S. sealii, will be presented in chapter
four. Chapter four contains data on area wetlands that could serve as a local origin of
the population of S. sealii introduced into R23. A study of the mitigation site R23 and
mitigation records will be addressed in chapter four as well. Chapter five will analyze
the data collected and recommend areas for further study.
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CHAPTER FOUR
Results

Introduction
There is still much to learn about the fairy shrimp S. sealii. This study adds to the
documentation of the species in Minnesota and provides evidence of its ability to live
and thrive in unstable hydrologic conditions found in a temporary water regime. It
documents the absence of S. sealii in some locations near R23 and it also provides a
richer history of mitigation site R23. The study was unable to determine the exact cause
of the introduction of S. sealii into mitigation site R23.
Preliminary data collection
Ron Lawrenz, director of the Lee and Rose Warner Nature Center, Marine on St.
Croix, Minnesota confirmed the identity of the fairy shrimp from R23, sent to him by
Mary Kay Lynch, WHEP field coordinator. In personal communications with Mr.
Lawrenz, he reported that S. sealii, had been found to his knowledge in only two other
locations in Minnesota; one location in Hennepin County and the other in the Bayport
Wildlife Management Area (BWMA), Washington County, just south of the Stillwater
Correctional Facility (Lawrenz, personal communication). Confirmation of the Hennepin
county site by Dexter is as follows, “Chirocephalopsis bundy and Streptocephalus seali
were collected together by Dr. Samuel Eddy from a pond north of the Farm School at St.
Paul, Minnesota on May 25, 1932” (Dexter, 1953, p. 762). In addition, Mr. Lawrenz
referred to ponds off Cleveland Avenue. The assumption is that they are both referring
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to the St. Paul campus, of the University of Minnesota, but the records could not be
verified. Chelberg did not report the occurrence of S. sealii in Minnesota in his state
wide search for Eubranchiopoda (1958). More information regarding S. sealii
distribution is found in the literature review. This documentation suggests that it occurs
throughout the United States. However, S. sealii is not a common fairy shrimp in
Minnesota but it has currently been confirmed by observations in the east central
portion of the state, near the Minneapolis/St. Paul metropolitan area. With the writing
of this capstone it is now documented in Dakota County as well.

Phase One: The Site and Surrounding Area
The Site
The presence of S. sealii has been documented in the mitigation wetland R23 through
the different stages of the water regime during the months of April through July 2015.
Only visible adults were recorded. The population was observed April 4th, 2015 and
disappeared May 2nd, 2015. On May 2nd, 2015 the adult population of fairy shrimp and
other aquatic invertebrates were gone due to lack of water. Rainfall events restored
hydrology to the site adequate for a return of fairy shrimp on May 25th, 2015, however,
surface water was absent and the basin dried for a second time by June 1st, 2015.
Precipitation added 10 cm of water to the basin in the middle of June, but by June 20th,,
2015 the basin was dry with parched cracking soil (see Appendix G Personal
Photographs of R23 through the Growing Season).
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After these drying events the community of organisms changed. The wetland
contained mosquitoes and alga but other aquatic invertebrates, like damselflies, found
prior to the drying down were gone. The wetland’s diversity was extremely low. When
rain filled the basin again the week of June 20th, 2015, fairy shrimp reemerged to a
visible size by July 3rd, 2015; however, the wetland diversity remained low until the
middle of July.
In July, the pH and water level remained stable after July 10, 2015. Many rain events
contributed to this stability with a total of 17.4 cm of precipitation as of July 28th, 2015
(Minnesota Climatology Working Group). The third hatching of fairy shrimp, were large
enough to be seen on July 3, 2015 and grew throughout the month to a maximum of 31
mm (see Table 4.1 Data from Mitigation Site R23). When the egg sacs became visible,
the differences between males and females could be easily distinguished in a
meandering survey. Refer to Figure 2.7 Lateral View of Male and Female
Streptocephalus sealii, in the literature review to observe the difference between
sexually mature males and females.
Both male and female fairy shrimp tended to be found approximately 10 cm below
the water column. The water temperature and pH data were taken within the top 5 cm
of the water column. Hence, the fairy shrimp spent time near the area and within the
temperature range that was sampled. The author is unsure if any significant
information can be obtained from this abiotic data regarding S. sealii. The deeper water
may have been cooler; no data was taken. The pH data showed consistence from July
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10th through July 22nd, 2015. The data on pH and water temperature is incomplete due
to meter and human error.
Table 4.1 Data from mitigation site R23: fairy shrimp presence and size, water depth,
temperature, and pH
Date &
Fairy Shrimp
Length of
Water Depth Water Temp.
Water pH
Time of Ob.
Visible
shrimp (mm)
(cm)
(° C)
4/4/15, 4 pm
yes
< 10
21
16.0
ND
4/25/15, 1 pm
yes
13
10
24.1
7.5
5/2/15, 2 pm
no
none
0
NA
NA
5/25/15,11
yes
10
10
ND
ND
am
6/1/15, 2 pm
no
none
0
NA
NA
6/16/15, 5 pm
no
ND
10
NA
NA
6/20/15, 1 pm
no
ND
0
NA
NA
6/23/15, 3 pm
no
ND
15
26.0
7.5
6/26/15, 1 pm
no
ND
15
30.3
7.7
7/3/15, 11 pm
yes
13
11
23.8
7.0
7/7/15, 2 pm
yes
16
ND
ND
ND
7/10/15, 7 pm
yes
20
57
29.0
6.3
7/14/15, 1 pm
yes
27
51
30.3
6.4
7/19/15, 11
yes
31
53
26.3
6.4
am
7/22/15, 10
yes
NA
48
25.3
6.3
am
Note. Fairy shrimp may have been present at the nauplius stage when water present. Field
survey used dip net or visual scan of water for swimming average size adults only. Meter
malfunction on 6/16/15, used thermometer only on 4/4/15. ND = no data taken NA = no data
available

The mitigation site, R23, went through some notable changes that are not completely
explained in the data shown in Table 4.1. The water level was initially low most likely
due to the lack of snow cover and precipitation late in 2014 and early in 2015.
Precipitation data was gathered from Minnesota Climatology Working Group from the
University of Minnesota. (http://climate.umn.edu/HIDradius/radius_new.asp) The
amount of winter precipitation was higher in 2013 and slightly higher in 2014 than in
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2015. The amount of spring precipitation was lower in 2015 than the others which set
up the dry pattern with a potentially lower water table (see Table 4.2 Monthly
Precipitation Totals for Township 115N, Range 19W, Section 27). This study did not
measure ground water levels.
Table 4.2 Monthly precipitation totals for township 115N, range 19W, section

Precipitation Total in Inches

27; a site near R23

Monthly Precipitation near R23
14
12
10
8
6

2013

4

2014

2

2015

0

Months

The mitigation wetland, R23, surface water level finally became stable by July 10 th,
2015, due to many rain events. The changing water levels in April, May and June could
potentially be explained by a lack of ground water and provide evidence that the
majority of the water that R23 receives is through precipitation and local runoff. There
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are no inlets or outlets to R23. The changing water level of R23 gives credence to
Colburn’s statement:
There is a general consensus that the chronology of filling pools and the
maximum depth and volume they attain in a given season is correlated with rain
fall and snowmelt. However, few comprehensive hydrologic studies have been
carried out on vernal pools and, as a result, the general relationships between
precipitation, surface runoff, groundwater elevations, and vernal pool flooding
remain unquantified (2004, p. 21).
The instability in water level in R23 was not observed in July perhaps due to the 17.4 cm
of rainfall according to the Minnesota Climatology Working Groups data base (accessed
July 28, 2015).
Ecology of R23. Due to these changes in hydrology, some interesting changes in the
ecology of the site were observed. Prior to the dry down, a typical array of aquatic
invertebrates were found, most notably damselfly nymphs. The plant communities
were typical of a depressional wetland: Phalaris arundinacea (Reed Canary Grass) and
Typha (cattail) on the perimeter with some Juncus (rush), Eleocharis (Spike Rush) and
Sagittaria (Grass-leaved Arrowhead) along the shoreline. The surface of the wetland
was open water with very little submergent, floating leaved or emergent vegetation.
The site early in the season can be seen in Appendix G Personal Photographs of R23
through the Growing Season. The wetland was dry by May 2nd, 2015. Shortly thereafter
many grasses, including Beckmannia syzigachne (Slough Grass) and Phalaris
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arundinacea, moved into the open dry basin. Sagittaria sp. and Alisma gramineum
(Narrow-leaved Water-plantain) were beginning to appear in the basin as well. After
completely drying, water refilled the basin from precipitation by June 16 th, 2015 and a
plethora of mosquito larva, thicker than the author has ever seen were present, along
with a bubbling concoction of algae, later identified as Anabaena, a filamentous alga.
The wetland appeared in poor health at that time as compared to the spring of 2015.
Healthy wetlands have a high biodiversity of plants and invertebrates. The biodiversity
had been reduced to a few mayflies, many mosquitoes (100’s in one dip net) and many
tadpoles. By June 23rd, 2015 the chorus frogs were so plentiful it was deafening while
surveying for fairy shrimp. The adult frogs and tadpoles all but disappeared in a week’s
time. The algae bloom had subsided and the wetland slowly returned to its previous
appearance with the exception of the emergent vegetation that now pervaded the
wetland. See Appendix G Personal Photographs of R23 through the Growing Season, for
a photographic review.
When the water level returned to approximately 50 cm, the water cleared almost
completely of alga and mosquitoes. Most of the emergent plants were under the
surface. The grasses mentioned previously, Sagittaria sp., and Alisma gramineum
provided cover for the fairy shrimp and other organisms. Observations of fairy shrimp
were made carefully because at times the small discoloring leaves of Sagittaria sp. and
Alisma gramineum resembled the orange egg sac of the fairy shrimp. The color of which
was due to light through the water column.
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The changes in hydrology are evidence of the fairy shrimp’s tenacity. They must have
undergone three hatches to create sexually mature adults by July 10 th, 2015. The
change in the population of fairy shrimp over time followed what is assumed to be a
typical hedge betting strategy as cited by Simovich and Hathaway (1997). As cited by
Peckarsky et al. the time from egg, to egg laying stage is as short as 16 days. More
evidence for this was exhibited in the length of the shrimp found in the data (see Table
4.1 Data from Mitigation Site R23).
Population and behavior. The ratio of males to females was relatively even as the
season ended in July; however, the population data is relative. The shrimp may have
moved with the observer at times making an accurate population count impossible. The
population fluctuated from a low of less than 10 to a high of about 60 individuals in the
middle of the third hatch by July 10th, 2015. As of July 24th, 2015, less than 10
individuals were found, they persisted through July 29th, 2005. By August 5th, 2015 all
the fairy shrimp had died or were consumed by predators.
Fairy shrimp behavior was interesting to observe and may have a connection with
predation. Consistently males and females swam 10 – 15 cm below the surface of the
wetland. Once they were large enough, this behavior facilitated taking a visual survey.
They are indeed slow moving creatures unless alarmed by a quick movement. When
alarmed they scurried forward, similar to a person taking off on water skis from the
edge of a lake. Most of the shrimp observed swam in a straight constant slow pattern,
with a one second rush of speed if disturbed, and then back to the slow pace. Their
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behavior did not change even within 10 cm of the immobile observer’s waders. On
subsequent observations many shrimp, both male and female, were found in a
stationary pattern. Two potential reasons for this behavior are resting and reducing
visibility to predators but there is no data to support either hypothesis. This information
may be of some value to future researchers which is why it is included.
Dispersal methods. Only two vectors that could transfer fairy shrimp cysts were
sighted. Two mallards were observed in R23 on April 4th, 2015. Recall Proctor (1964)
studied the crustacean eggs viability when they had been ingested by waterfowl. Most
observations of fairy shrimp were made in the late morning or afternoon so it is
impossible to know if waterfowl used the area in early morning or evening. There were
no muddy areas to capture footprints around the wetland. Webbed footprints, raccoon
and deer tracks were observed on May 2nd, 2015, when the entire pond had dried down.
Backswimmers in the family Notonectidae, another possible vector, were observed in
the pond early in April 2015 and again in July after the population of fairy shrimp were
established. This study of R23 cannot draw any conclusions about the vectors,
waterfowl or Notonectidae, and their potential role in the introduction of the fairy
shrimp.
Survey of Other Local Wetlands
Site Identification. Other wetlands in close proximity and a few nearby known to dry
down were checked for the presence of fairy shrimp as potential sites of dispersal.
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Figure 4.1 Metropolitan Mosquito Control District map 1 of wetland sites surveyed

Figure 4.2 Metropolitan Mosquito Control District map 2 of wetland sites surveyed
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These wetlands were identified using the Metropolitan Mosquito Control District
website (http://maps.mmcd.org/). See Figure 4.1 & 4.2 Metropolitan Mosquito Control
District (MMCD) Map 1 and Map 2 of Wetland Sites Surveyed, for the locations of the
wetlands. Accessible temporary wetlands (Type 1 and Type 2) were targeted for
observation of the presence or absence of fairy shrimp, when permission could be
obtained to be on the property. MMCD map one shows two small wetlands on the east
side of Bacardi Avenue as one moves north on Bacardi Avenue from Bonaire Path. They
could not be surveyed due to a major new housing development. Other small wetlands
could not be surveyed due to inability to contact land owners.
Wetland N was chosen because it is a temporary wetland. It was surveyed late in the
season but did not appear to be typical fairy shrimp habitat. No submergent vegetation
was found and only a few emergent plants. The most notable organism was a large
clam shrimp, another crustacean that probably would have been brought in by
wildlife vector. Relatively few other invertebrates were found. Earlier in the 2015
season, this wetland may have been dry because the outer margin of it had been
planted with an agricultural crop.
When the water level was appropriate in the other wetlands observed, a meander
survey was used to determine the presence or absence of fairy shrimp and other aquatic
invertebrates. Dip net samples were taken at most wetlands to find other invertebrates
not visible through a meandering survey and to catch any fairy shrimp that were too
small to be seen walking a meandering path. Using these methods fairy shrimp were
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not found in any of the other wetlands observed. More detailed information on those
wetlands including: location, wetland type, water depth, pH, water temperature, and
other organisms found can be found in data Tables 4.3a and 4.3b. Data Collected at Sites
in Close Proximity to R23. Invertebrates in Tables 4.3a and 4.3 b can be further
identified to phylum, family, and order using Appendix H Taxonomic Names of Typical
Wetland Invertebrate Groups, Phylum, Class, Order, Family. Wetland type was based on
reports from the city of Rosemount and the author’s observation of the wetland using
the wetlands types chart developed by Cowardin et al., presented in Circular 39 of the
United States Fish and Wildlife Service (1979). Refer to Figure 2.12 in chapter two.
The wetlands surveyed that appeared to have the most potential to contain fairy
shrimp included wetlands B, F, G and M. Substantial open water in a small basin was
found in sites B, G and M; both conditions appear favorable for fairy shrimp. Site M
looked the most promising, but it may not dry down. The margins of sites B and M were
also different than R23. The mitigation wetland, R23, has a very gradual slope on the
margin of the wetland, which could be conducive to drying edges that allow for
deposition of fairy shrimp eggs and desiccation, even if the entire pond does not dry
down. Wetlands B and M do not have the same gradual borders as R23; they have
steeper slopes to the flat wetland bottom.
The temporary nature of F and N would allow for drying down conditions necessary
in preventing fish from establishing residence. Wetland F was completely covered with
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Table 4.3a Data collected at sites in close proximity to R23.
Site
Date of
Observation
Location/name

Wetland Type
/Size (acres)
Water Depth
(cm)
Water Temp. °
C
pH
Fairy Shrimp
Notations of
other biota

Comments

A
5/2/15 &
7/14/15

B
5/2/15

C
5/2/15

E
6/23/15

F
7/3/15

G
7/3/15

R21 –
Mitigation site
on north side of
Bonaire Path
just east of
Birchwood

1 shallow
wetland north
of R21 On north side of
Bonaire Path

Elaine’s
“wetland” Directly West
and up slope
from R23 on first
private property

Wetland
straight north
40 - 50 meters
from Mare
Pond (R14)

Chris’s pond –
North East of
Mare Pond
R14

Type 1

2 deeper
wetland
northeast of
R21
On north side
of Bonaire
Path
Type 3

Type 3 - 4*
8

Type 3*
1.7

Wheel Ruts with
water

Type 1

Type 3

50

50

20

Edge 100

9

15

60 near shore

30.3 (7/14)

ND

ND

ND

ND

ND

24.2

6.3 (7/14)
absent

ND
absent

ND
absent

ND
absent

ND
absent

ND
absent

6.5
absent

2 dip nets
Scuds, beetles,
backswimmers
pigmy
backswimmers,
aquatic worms
Greater and Star
Duckweed
Filamentous algae

2 dip nets
phantom midge
larva, tadpole,
damselfly
nymphs, scuds,
backswimmer,
thread worm

2 dip nets
copepods, pigmy
backswimmers,
threadworm,
snails
Very few
invertebrates

2 dips
dragonfly
nymph,
damselfly
nymph, scuds,
water boatman

no
invertebrates

3 dip nets due to
minimal water –
all 3 had snails
and mussels
Snails -Acella
Mussels (6 mm)
not fingernail
clams
2damselfly
nymphs
1 dragonfly
nymph

2 dip nets
scuds, dragonfly
nymph, water
boatman, giant
water bugs,
Thick – Riccia,
Star and Lessor
duck-weed,
Reed Canary
Grass fringe
cattails east
side

2 inlets
western lagoon
checked

healthy – lots of
diversity & open
water

no submergent
vegetation
drying down

open water

thick Reed
Canary Grass 2 meters tall, 1
clump of
bulrush

wetland too
large for fairy
shrimp

R22 – Mare
Pond So. Larger wetland
15 meters
directly
east of R23

st

D
5/2/15
nd

Smartweed
and Reed
Canary Grass in
ruts

no longer a
wetland due to
human
intervention

Note. * Wetland type assigned by WHEP program city officials, unmarked wetland types rated using Cowardin et al. 1979. ND –no data
available
Invertebrate phyla, order or family can be found in Appendix x. Key to taxonomy of aquatic invertebrates
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Table 4.3b Data collected at sites in close proximity to R23.
Site
Date of
Observation
Location/name

Wetland Type
Water Depth
(cm)
Water Temp. °
C
pH
Fairy Shrimp
Notations of
other biota

Comments

H
6/23/15
wetland 15 meters
from driveway/
mailbox at 12890
Bacardi north of
bridge over larger
wetland

I
6/19/15
Birchwood and
Bonaire Path (SE
corner)

J
6/23/15

K
6/23/15

L
6/23/15

M
7/3/15

triangular cow
pond east side of
12420 Bacardi
across from R2
(WMP 159)

in field east of
12483 Bacardi,
th
north of 126 3
blocks east into
field veer right at
bottom of hill

cattail marsh
th
between 126
th
& 130 on
Biscayne

124 off Akron
th
1075 124

Ct. Rd. 42 and
Auburn in farm
field on south side
of road

Type 3 shallow
open water
50

Type 1 agricultural
temporary water

th

N
7/3/15

Type 1 cattail
marsh
50

storm water
pond

Type 3

Type 2 wetland
adjacent to larger
wetland – dries down

Type 1 shallow
cattail marsh

70 near edge –
deep in middle

over 100 + cows
almost covered

25

12 (10 meters in to
find water)

26.3

ND

ND

29.5

ND

26.0

31.7

5.5

ND

ND

6.8

ND

6.8

6.4

absent

absent

absent

absent

absent

5 dip net samples
on north side
aquatic worms,
aquatic spider, no
other invertebrates
duckweed, Ricca
Reed Canary Grass
fringe, persistent
litter old cattails

3 dip nets
minnows, too
deep for fairy
shrimp but close
proximity to
#R23

1 dip net sample
thru barbed wire
minnows
water surface
covered in
duckweed

wet area 1.5m x 12m
trough 5 dips along
length: giant water
bug, backswimmer,
water boatman,
water spider, Lessor
Duck- weed, Reed
Canary Grass,
Smartweed

low diversity, no
open water – solid
duck weed

checked because
of the duck weed –
looks good from
road

Impossible to dip
net not much
water
standing cattail
litter thick
walked into cattails
10 meters to find
water, not the
right habitat for
shrimp
check in spring
2016 – does dry
down

dry 20x 20 meters,
thistle, connection to
larger wetland
probable

Note. Wetland types definitions refer to Cowardin et al, 1979; ND – no data available

absent
2 dip nets , 2
species dragon fly
nymph, daphnia,
phantom midge
larva,
many mayflies
1 sp. damselfly
nymph
beetle larva

20 - 42

absent
clam shrimp, 1cm
backswimmer,
tadpole, red midge
larva, 1 water
strider, 1 mayfly
larva, water
boatman,
Eleocharis, Smartweed, plantain,
Juncus,
muddy water, only
emergent veg.
no submergent

Phalaris arundinacea, at least two meters tall, when sampled. It had very little water
when observed, an area two meters squared. It did not appear large enough to maintain
a population of fairy shrimp. Wetland N is a temporary agricultural wetland. This site
holds potential. Fairy shrimp of a different species were observed in June about a
decade ago in a farm field off county road 42 in Rosemount. However, one would have
expected S. sealii to be present at the time of observation, if it had been present earlier
in this season. In summary, all of the wetlands observed this season did not contain any
species of fairy shrimp except R23.
WHEP Data. The Rosemount WHEP team has been taking data on wetland health
including a survey of the aquatic invertebrates and plants in Rosemount since 1998.
Reviewing the WHEP invertebrate data, no fairy shrimp had been reported in any of the
wetlands monitored. Their data from 2007 to the present is available online at
www.MNWHEP.org. Rosemount WHEP wetlands monitored within a one mile radius of
R23 include: R2, R6, R11, R12, R13, R14, R17, R21, R22, R25. None of these wetlands
contained fairy shrimp in the years monitored. A map of these sites, and an example of
the data sheets used to document the presence of species in the lab is available in
Appendix A1 Map of WHEP Monitoring Sites and Appendix A2 Invertebrate Lab Data
Sheets.

Phase Two: Hydrology, Soils and Land Use History
Historical Data
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Hydrology. Evidence of the hydrology of the area is available in data from the ArcGIS
mapping system. Maps from 1937 to 2014 were accessed to make observations of land
use and water level in R22. Looking at the map from 1937, you can see the road Old
CR38, now called Bonaire Path. It follows the edge of R22 on the north side of the
wetland. See Appendix I Aerial Photographs of R23 through the Years. By 1951, Bonaire
Path was diverted through the wetland. By 2005, silt fence was installed around R22
and the margins of the new R23. By 2008, R23 is completed and silt fences are installed
in the upland and by 2010 the current blacktop pathways have been installed. See
Appendix I Aerial Photographs of R23 through the years.
The ArcGIS maps show both consistent patterns of dryness in the area of R23 on the
dates the photographs were taken. Most notable is a changing water regime found in
the comparison between 1997, an extremely wet year and 2014, a year of normal
precipitation. If you superimposed the pictures at the same scale you can tell that the
area that is now R23 was not inundated with water during 1997, an unusually wet year
(see Figures 4.3.Aerial Photograph of R22 in 1997, and Figure 4.4.Aerial Photograph of
R22 in 2014). Flooding was prevalent in the area in 1997. Eagan experienced road
damage due to flooding but the area that is now R23 remained dry. This is evidence
that hydric soils would probably not be found in the basin of what is now R23 prior to
the wetland construction. The area appeared to be upland even in high water years.
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Soil Cores. In addition to the aerial photography showing that the site of R23
appeared to remain dry even in high water, soil cores showed a lack of hydric soils. The

Figure 4.3 Map of R22 from 1997. Note: the area inside oval (future site
R23) remains dry in floods of 1997.

Figure 4.4 Map of R22 from 2014. Note area inside oval is mitigation site
R23.
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Figure 4.6 Soil Core in Wetland Location

Figure 4.5 Soil cores, show organic layer on top and silt
loam on the bottom.

Figure 4.8 Wetland core, organic on left and silt
loam on right.
Figure 4.7 Soil core in upland location

4.9
Figure 4.3 Topsoil in upland core

Figure 4.10 Transition zone of silt loam in upland core
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completed soil cores can be seen in Figure 4.5: Soil Cores. Two core samples were taken
on July 26, 2015, one in R23 and one 15 meters south of R23 at a similar elevation (see
Figures 4.6: Soil Core in Wetland Location, and Figure 4.7: Soil Core in Upland Location).
The soil core from the wetland R23 contained 25 cm of organic matter and 35 cm of
loamy clay - inorganic material. Iron particles were spread throughout the soil and
there was no sign of graying hydric soil. Recall in hydric soil the iron leaches out of the
column, and the soil takes on a whiter appearance due to the lack of red iron deposits.
The top of the soil column was organic material of a consistent brown color. The
bottom of this soil in this core was uniform in red color, had the texture of clay and silt
(see Figure 4.8: Wetland Core).
The core from the upland area at a similar elevation contained a similar soil profile to
the wetland core. There were 47 cm of organic matter and 20 cm of a loamy clay
transition zone (see Figure 4.5: Soil Cores). The attempt was made to get one meter of
soil, but the soil compacted due to air pressure, making it impossible to get a deeper
sample with the boring equipment used. Soil cores revealed that the soil was similar in
both areas tested and was consistent with the Dakota County Soil Survey which stated
that the soils in the area are Otterholt silt loam (see Figure 4.10: Transition Zone of Silt
Loam in Upland Core). When pinching the loam between the fingers, an observer can
feel the clay particles stick together; this does not happen with top soils, they are more
powdery and pulverize when pinched (see Figure 4.9: Top Soil in Upland Core).
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Soil conclusions. Hydric soils were not found in either area. The wetland at the time
of the soil boring was eight years old and has not yet developed hydric soils at the depth
tested. This is consistent with Craft et al. (1999), commenting that hydric soils may take
30 years to develop or may not develop in artificial wetlands. The upland boring
showed no hydric soil to the depth tested. Getting to a depth of 65 cm in the upland
was a difficult task. Better equipment and a boring of at least 1 meter may or may not
yield different results. If loamy soil is all that is found in a deeper boring in the upland
area, it would help document the lack of water on site R23 prior to mitigation activities.
A lack of hydric soil would also add to the body of evidence that cysts of fairy shrimp
would probably not have been present in the soil from prior wetlands. The soil cores
taken and historical aerial photographs are evidence supporting the hypothesis that
hydric soils are most likely not present on the site, but they are not conclusive.

Phase Three: Mitigation data
Mitigation Plan
The wetland, R23, was part of a mitigation plan prepared for the city of Rosemount
by BWR Engineering due to the removal of one acre of Mare Pond (R14) due to highway
construction (see Appendix A1 Map of WHEP Wetlands). In keeping with Rosemount’s
3:1 replacement ratio for lost or impacted wetlands, two wetlands were created; site #1
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(R21) was created on the north side of Bonaire to the west and R23 referred to as
mitigation site #2 was created on the south side of Bonaire Path in Meadows Park.
The mitigation plan contains information about how the mitigation is to be done
including application/permitting information, detailed lists of materials which include
seeding blue prints, information on construction, and photographs and maps of the site.
One map contained information about the hydric soils of the area (see Appendix J
Hydric Soil Variants). This shows that the soil surrounding mitigation site #1 is hydric
soil and the plan explains that is it a Kennebec Variant. The map shows there were no
hydric soils present at site #2 (R23), prior to construction. Referring back to the soil
cores taken, the soils map in the mitigation plan provides more evidence that field
observations were correct and no hydric soils existed in the area of R23 and in the
upland surrounding the area prior to construction. The mitigation plan explains:
Otterholt is shown as the mapped soil unit in the vicinity of the mitigation area
(2). This is not a hydric soil and may require corrections to make it suitable for
wetland creation. To foster this soil augmentation, a 0.3 foot subcut will be
excavated and soils removed from mitigation area 1 will be spread in this area to
bring the finished elevation to the grade shown on the plan (2006, P.11).
Some hydric soil was moved to mitigation site 2 (R23). The plan goes on to state that
hydrology will be supplied from the watersheds to the north, west and south, which
includes R22 and Mare Pond (R14). It anticipates that R23, at a height of 950 above sea
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level will be supplied with some water via the water table; because Mare Pond is at
952.2 feet above sea level.
Being that fairy shrimp were not found in R21 and surrounding wetlands or R14, it is
highly unlikely that fairy shrimp cysts were brought to R23, site #2, in the construction
phase of the process. However, one can’t be certain that they were not in the soil and
given the new hydrology of R23, found favorable conditions in which to live. The
contractor of record went out of business so more information regarding the movement
of soil and other materials could not be obtained. One picture was available of the site
under construction. It is difficult to ascertain how much rock or soil came onto the site
(see Appendix K Aerial Photograph of R22 during Construction).
According to neighbors, they recall the topography west of R23 being similar to what
it is today, prior to the placement of trails and the creation of the wetland basin.
The slope from the edge of R23 to the first property to the west is a gradual 15 degrees.
On topographic maps the area falls between two contour lines so the change in
elevation is no more than 20 feet. Jed Chestnut former employee of BRW Engineering
also said, in construction the simplest methods are used. It is his recollection that the
soil removed to create the depression basin, known as R23, was used to build the berm
directly to the east between R23 and R22. The berm keeps the water from R22 out of
R23. It is reasonable to assume that movement of soil on the site did not bring in fairy
shrimp cysts; however, conclusive proof is unavailable.
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Another source of cysts might be found in the organic materials brought into the
mitigation site for restoration. Board of Water and Soil Resources has specific seed
ratios recommendations for seed mixes to be used in different habitats in Minnesota.
The locations of the seeding of different mixes for site #2 can be seen in Appendix L1
Seeding Plan for Mitigation Site #2. Both mitigation sites #1 and #2 were seeded in the
wetland basin using BWSR seed mix W1. This seed mix contains variety of native
wetland species (see Appendix L2; Wetland Seed Mix W1). A native upland buffer was
created around both sites using BWSR seed mix W3, native wet prairie seed mix, and
W5, native wetland fringe seed mix (see Appendix L3 Native Wet Prairie Seed Mix W3;
L4 Wetland Fringe Seed Mix W5). According to John Pauly, from Prairie Restorations,
the seed itself is clean and does not contain any foreign organic matter which would
include fairy shrimp cysts. Mulch is used over the seeds on the site. The mulch used by
Prairie Restorations, comes from straw grown in Manitoba, Canada and that could
potentially contain cysts (personal communications). A quick online search of fairy
shrimp in Manitoba found a picture of one unknown species found in southern
Manitoba (http://www.whatsthatbug.com/2010/04/23/fariy-shrimp-in-canada/). More
research is needed looking at the possibility of mulches used in mitigation, introducing
new species.
Any sources of introduction of S. sealii due to the physical mitigation are still
unknown at this time. The mitigation did, however, allow S. sealii to inhabit R23 by
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creating favorable conditions for the growth and development of the fairy shrimp.
According to the Five Year Monitoring Report (2012) prepared by Ryan Spencer, with
WSB:
During the November 14th visit, Site #1 was 30% inundated and Site #2 was
completely dry. The months preceding the November 14th visit had dryer than
normal precipitation which resulted in a decrease in overall inundation at both
mitigation wetlands as was the case for wetlands throughout the metro area.
Generally, the hydrology of the wetlands appeared to be supporting the
proposed wetland type as per the approved wetland replacement plan
(Spencer, 2012, p. 3).
This data is evidence for the drying down of the R23 basin after the first summer of
residence for the fairy shrimp S. sealii, which would be crucial to its appearance the
following season. The monitoring reports for 2011 and 2010 show that the basin was
still inundated with water to a depth of 6 – 10 inches as of August in both years, but in
2011 site #2 was 80% inundated, which would indicate a drying down could potentially
take place through the fall (Chestnut, 2011; Chestnut, 2010). A late fall observation in
November was not taken either year. Monitoring reports for 2008 and 2009 could not
be located.
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Summary
In summary, it has been determined that no shrimp were found in the wetlands
observed within a one mile radius of R23. There is no evidence for old hydric soils on
the mitigation site to the depth tested. If conditions remain the same and fairy shrimp
persist, it may be of some value to continue searching for Type 1 wetlands that are
favorable to fairy shrimp, in locations close enough to allow cysts to be carried by the
wind or other vectors. Future work would also help to increase awareness for vernal
pool conservation and vernal pool mitigation. With data collected at R23, it is reported
that S. sealii are established at R23 and that a favorable habitat for fairy shrimp was
created in the mitigation process. It is not possible to conclusively determine
restoration activities associated with the mitigation of R23 resulted in the introduction
of S. sealii with the information found in this study. Nor is it possible to determine if a
vector brought in the fairy shrimp to R23. The complexity of variables involved in this
study may make it impossible, at this time, to find a definitive answer to the research
question; how was S. sealii introduced to the mitigated wetland R23.
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CHAPTER FIVE
Discussion
Introduction
The research question, what are the variables in the introduction of S. sealii in the
Rosemount wetland and can the cause of the introduction be determined, remains
partially unanswered. The potential variables of the introduction; reproductive
strategies, dispersal mechanisms, desirable habitat, local population, mitigation
processes, historical presence in the area, have been researched and identified. More
research needs to be done on each cause individually to determine which variables are
more feasible than others as the source of introduction. This study has surveyed some
of the local wetlands and found no other sources of any species of fairy shrimp. It has
narrowed the search for the introduction to some degree and can make
recommendations on further research. This study has also documented the tenacity of
the S. sealii in changing water regimes. The authors’ knowledge of the topics involved in
this study has been dramatically increased.
Overall conclusions - What was learned
It was fascinating to observe the changes through the season of wetland R23 and the
resilience of the fairy shrimp to three episodes of drying conditions. These observations
add to the body of evidence that the hedge betting strategy discussed by Simovich and
Hathaway (1997), was at work in the mitigated wetland R23. Due to that strategy the
fairy shrimp population was able to withstand periods of drying and return a third time
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to successfully breed and reproduce as evidenced by multiple females with eggs. The
population seemed small when compared to the number of eggs laid in a given season
as reported by Pennak (1989) but due to their resilience there is potential for their
return in 2016.
Research into how S. sealii were introduced to wetland R23 was less successful.
Several of the local wetlands were eliminated as possible sources of the fairy shrimp but
more wetlands remain to be observed. Time spent focusing on wetlands that mimic the
characteristics of R23 would prove the most valuable. The mitigation records revealed
that R23 was a seasonal wetland in 2012, at least, and it provided suitable habitat for
fairy shrimp. It is my assumption that if R23 was consistently observed in the late fall it
would be dry or at a minimum partially dry to afford the fairy shrimp the type of
conditions that exist in vernal pools where they are found. As reported by Pinceel et
al.(2013), the floating eggs on the borders of the wetland would then dry, a condition
that is advantageous for fairy shrimp. The hydrology of R23 was distinctly different
during the 2015 spring season from the mitigation wetland, R21, and other wetlands on
the north side of Bonaire Path. The pond with fairy shrimp, R23, had significant water
fluctuation when the wetlands north of Bonaire Path did not.
The soil cores, aerial photographs and the mitigation plan support the hypothesis
that hydric soils did not exist at the site prior to the mitigation. In my opinion this is a
valid hypothesis; however, I cannot conclude that due to the shallow depth of the cores.
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A longer core may have revealed different information. The addition of the starter soil
from R21 has not developed a hydric soil base at this time to the depth tested.
I am reasonably confident that the most likely part of the restoration process that
could have introduced the fairy shrimp cysts, would have been the straw harvested from
Manitoba. There is not definitive evidence to support my hypothesis, but it is based on
information obtained from the research associated with this study. I would have liked
to explore the straw’s role in greater detail but the mitigation records were incomplete
so a paper trail could not be established. It is unfortunate that with all the rules and
regulations involved in wetland conservation and restoration that these mitigation
records are not kept for an extended period of time and that the type of records kept
may not reflect the initial physical and biological changes existing from mitigation. The
monitoring reports available did contain adequate information about the changes and
management of the site after the mitigation was completed. However, in a situation
like R23, much more could be learned about mitigation and its effects on local
environments if better records were retained.
Limitations
When one journeys headlong into the unknown many things can be learned and
many things can be improved upon the second time around. Experience is the best
teacher. I have attempted to answer a very big question with little prior knowledge, or
expertise and few resources; this created limitations in this study. The limitations
included; the lack of documentation available from the mitigation, atypical hydrology,
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my fear of having a heart attack while bush whacking through Reed Canary Grass taller
than myself, lack of proper equipment to obtain soil cores, lack of equipment and
knowledge to study dispersal mechanisms, an incomplete historical record of the area
and sparse information in the literature relevant to this species in Minnesota.
I now know the value of an oral history of an area and based upon my experiences
realize a thorough history would take a very long time to complete. However, some of
the most interesting information I obtained was from talking to people about R23 and
other local wetlands. Jed Chestnut, neighbors and wetland professionals gave me
information that could not be obtained from print or online resources.
The weather in the 2015 spring season served to educate one as to the tenacity of
fairy shrimp and created some limitations. The hydrology of the 2015 season made life
a struggle for the fairy shrimp S. sealii residing in mitigation site R23. The changing
water regime made observations of many small depressional wetlands a challenge. The
lack of water in midseason did not allow enough time to check all potential fairy shrimp
habitat within a reasonable distance of R23. If all the small depressional wetlands north
of Bonaire Path were checked in late May to early June, provided the hydrology was
appropriate, perhaps more decisive conclusions could be made regarding local
introduction. This study was made more challenging given the hydrology in 2015.
This study identified potential dispersal mechanisms but did not investigate those
mechanisms. An animal vector, such as ducks or geese could have brought cysts to R23

91

even though waterfowl were observed in R23 only on April 4th, 2015. Waterfowl were
frequent visitors to R22 which is directly east of R23 yet no fairy shrimp have been
observed in R22. The mitigation wetland was in a low area which may have an impact
on the potential for windblown cyst deposition.
It’s my opinion that a study of windblown cysts would be a more important factor in an
area with more vernal pools in close proximity like the rock pools in South Africa
researched by Vanscheoenwinkel et al.(2009) or the Colorado potholes studied by
Graham and Wirth (2008).
Future Research
In future studies involving private property I would suggest the preparation of a
pamphlet informing the residents of your study, educating them on the benefits of it
and seeking information and permission to be on their property. This could potentially
reduce time spent in the field gathering permission. In doing this for a seasonal species
my recommendation is to do this mailing one to two years prior to a major survey.
There may still be a reservoir of fairy shrimp in the vicinity of R23 that no one realizes is
or was there. My recommendation would be a more thorough survey of all remaining
small depressional wetlands north of Bonaire Path. The level of precipitation in the
spring of 2015, and the lack of snow cover in the 2014 – 2015 may have had a large
impact on the temporary wetlands in which this species resides. Weather is hard to
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predict. My suggestion would be to wait for a year of normal to above normal snowfall,
which would increase the potential for wet, seasonal wetlands in the spring.
More research is needed on the process of mitigation, particularly the restoration
component, and how it effects the ecology of the areas in which is takes place. Many
wetland mitigations have already taken place but I am curious how many have been
studied beyond the required five year monitoring and how many of those have involved
wetlands with temporary water regimes. Future wildlife management may involve
more restoration than has occurred in the past; how does reconstruction unknowingly
change existing ecosystems?
In addition to that, more research is needed on the effects of mosquito control
products used by organizations like the Metropolitan Mosquito Control District on fairy
shrimp. MMCD already has an online records system in place; it would be an excellent
use of resources if their staff was trained to identify fairy shrimp and vernal pools.
There are concerns about the effects of mosquito control products on the organisms in
vernal pools. Their data could show relationships between mosquito levels and water
levels in pools and help determine if the concern is valid. Perhaps pools wouldn’t need
treatment.
Future research topics could include a quantitative study of the abiotic and biotic
conditions of wetlands in which S. sealii is found, to attempt to determine their habitat
requirements beyond what is known. The species is relatively common across the
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United States but why is it so obviously absent in areas like Iowa, Wisconsin and South
Dakota.
Improvements to the methods used
As already stated in future research, I would have created an information pamphlet
and made contacts with land owners the summer prior to the data collection to help
redefine search areas and complete a more exhaustive search. In the search for
wetlands similar to R23, I would have taken the time to take more data on each wetland
in an attempt to get a better wetland profile. I was interested in looking at salinity and
have since found out that dissolved oxygen is a limiting factor for fairy shrimp. Easy
access to those materials was not available but would have added authenticity and
interest to this study.
In addition, more manuals in the field would allow more specific identification of
organisms. I felt like I was taking adequate field notes but found holes in my data when
putting it all together. Most importantly, ask for help. Perhaps I might have gained
access to equipment if I had been more assertive about my action plan. Another deeper
core sample would provide good data on hydric soils. The cap we put over the top of
the tube may have created some air pressure that prevented a deeper sample or
condensed the sample we pulled up. A professional soil borer would have been better.
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Personal Reflections on the Process
How did I prepare for this journey? Dive in! That is how I prepared. I feel more able
to continue this capstone now than I did when I started. Starting was a challenge. Any
work of science begins with asking a question. I asked many questions of professionals
in the field of wetland conservation and mitigation, wildlife biologists, geologists and
people involved with city government. In the process of the literature review I learned
an amazing amount about fairy shrimp, the research and writing process and how to
reduce assumptions and biases. I now understand why, when you ask a wetland
professional or any professional a specific question, you get a very lengthy and detailed
response. My life’s work in wetlands education and volunteer service in organizations
like WHEP helped prepare me to dive deeper into the identification of habitats and
allowed me to feel like I had expertise in drawing conclusions about wetlands based on
many I have seen in my life’s work.
The writing assignments done within coursework from Hamline were invaluable.
They helped a non-writer become able to complete a capstone. Advice for future
Hamline capstone researchers includes:
1. Start researching early when you are taking any of your courses. You need quite
a bit of background information before you can begin to think about and
determine your methods.
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2. Find a topic you are passionate about because it will keep you going when you
are just ready to quit.
3. When the whole capstone or a chapter seems too large to complete in the time
given, start with one small piece.
4. Look to scientific literature in the area of your work for models regarding how to
write, collect data, and present results.
5. Maintain a continuous supply of salty and sweet snacks. 
I wish I could continue my research because I have more questions than answers
and there are more facets to explore, but I am glad I am almost done because of the
major commitment of time. Life is short! There is more to know than one has time
to explore.
After completing this capstone my definition of research has changed. I will not
use that term loosely any more. It would be great if one had a few more years to
utilize the data bases and resources available through an educational institution. In
a seasonal study like this work, being able to extend the time period for the
capstone would have been an advantage.
I look forward to sharing this experience with my students. Not only regarding
the fairy shrimp but also about the research process. As biology teachers we try to
get students involved in researching areas related to the biology curriculum. Often
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students take the easy route to misinformation or accept as fact the first thing they
find on the internet. I feel better prepared to understand their frustrations in
digging deeper, and better able to explain the rationale and benefits of more
rigorous research methods.
In conclusion, I hope to be involved in a fairy shrimp forum of professionals this
fall, sponsored in part by the University of Minnesota. I am very interested in
finding other sites containing fairy shrimp and adding to the body of knowledge that
is available, with a special interest in S. sealii. I hope to pound the Reed Canary
Grass next spring looking for more shrimp and continue to work to educate the
public regarding vernal pools and seasonal wetlands and their role in preserving
biodiversity.

APPENDIX A
A1 Map of WHEP Wetlands Monitored in Rosemount, Minnesota
A2 WHEP Invertebrate Data Sheets
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Appendix A1 Map of WHEP wetlands monitored in Rosemount, Minnesota includes
years the wetland was monitored from 1998 – 2011 (WBS Engineering, 2011).
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Appendix A2 WHEP invertebrate lab data sheets showing taxa found.
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Appendix A2- WHEP invertebrate lab data sheets showing no fairy shrimp found in
2010.

APPENDIX B

Postembryonic Development of Rehbachiella kinnekullensis
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Appendix B R. kinnekullensis showing more naupliar stages than found in modern
fairy shrimp (Walosek, 1993)

APPENDIX C

Vernal Pool Food Web
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Appendix C Vernal Pool Food Web (Colburn, 2004)

APPENDIX D
Typical Sizes of Upper Midwest Fairy Shrimp
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Appendix D Typical sizes of upper Midwest fairy shrimp. The ocellus is the simple eye
found in invertebrates. The anus is on the last segment of the fairy shrimp called a
telson. The telson has two flatten projections called cercopods.
(Jass and Klausmeier, 2002)

APPENDIX E

Minnesota’s Vernal Pool Organisms
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Appendix E
Minnesota’s Vernal Pools Organisms

Appendix E1 Wood Frog
Appendix E2 Spring Peeper

Appendix E3 Spotted Salamander

Source of amphibian pictures -Amphibians
& Reptiles Native to Minnesota (Oldfield &
Moriarty, 1994)

Appendix E4 - Fairy shrimp on May
2nd, 2015 at R23

APPENDIX F

Wind Tunnel Data from Graham and Wirth (2008)
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Appendix F1 Wind Tunnel Data - Characteristics of pothole sediment surfaces exposed
to wind tunnel trials (Graham and Wirth, 2008)
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APPENDIX G

Personal Photographs of R23 through the Growing Season
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th

R23 on April 4 , 2015

Fairy shrimp on April 4th, 2015

th

April 25 , 2015 - beginning to dry down

Appendix G2 R23 on May 2nd 2015

Figure 4 April 25th 2015 begining to dry down
nd
May 2 , 2015 Dry except for one
puddle less than 12” across, no shrimp
just raccoon tracks
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June 20th, 2015 Dry Again!
Sagittaria growing in dry
basin.

June 23rd, 2015 – Two heavy rain events filled the basin.
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July 3rd, 2015 water returning –
algae bloom and fairy shrimp
return

July 10th, 2015 – High water level 57 cm, Advisor Dan
Stinnett, Author Jane Porterfield and S. sealii, 19 mm
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July 14th, 2015 - Sagittaria beginning to
emerge through the high water. Two sizes of
shrimp – probably males.

July 19th, 2015 Emergent plants
growing up – fairy shrimp female with
eggs.

July 22nd, 2015 - Fairy shrimp
blending in with aquatic vegetation;
water level beginning a slight
decline.

APPENDIX H
Taxonomic Names of Typical Wetland Invertebrate Groups
Phylum, Class, Order, Family
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Appendix H Taxonomic Names of Typical Wetland Invertebrate Groups
Phylum, Class, Order, Family

APPENDIX I

Aerial Photographs of R22 through the Years
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Appendix I1 Aerial Photograph of R22 area in 1937. Note Bonaire Path, then called
CR38 is north of the wetland. (Dakota County Environmental Management)

Appendix I2 Aerial Photograph of R22 area in 1951 shows CR38 going
through R22.
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Appendix I3 Aerial Photograph of the R22 area in 2002 notice the area just west of
R22, looks like an old field or pasture with a few trees.

Appendix I4 Aerial Photograph of R22 area in 2005, the location of R23 has been
determined. Old dirt paths are visible and a silt fence is in place along R22.

APPENDIX A - More Information for Wetland Legislation
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Appendix I5 Aerial Photograph of R22 area in 2008, the wetland has
been create and silt fences are visible in the upland to the west of R23.

Appendix I6 Aerial Photograph of R22area in 2010, the black top paths have
been installed.

APPENDIX J

Map from Mitigation Plan showing Hydric Soils
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Appendix J Map from Mitigation Plan showing Hydric Soils in pink. Note that the area where
R21 will be constructed is in pink and the area where R23 will be constructed is not hydric.

R21

R23

Appendix K
Aerial Photograph of R22 during Construction
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Table 1 Appendix K Aerial Photograph of R22 during Construction Note yellow construction
vehicle and large pile of something due south. Material is unknown. (Mitigation Plan)

Appendix L
Seed Mixes and Location of Seeding

Appendix L
Seeding Plan and Lists of Native Seed Mixes
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Appendix L1 Seeding Plan for Mitigation Site #2. Note the seed types at the
bottom left corner of the plan.
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Appendix L2 Wetland Seed Mix W1
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Appendix L3 Native Wet Prairie Seed Mix W3
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Appendix L4 Wetland Fringe Seed Mix W5
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